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ABSTRACT 
Abstract of the thesis submitted to the Aligarh Muslim University, 
Aligarh, U.P., India for the award of the degree of Doctor of Philosophy in 
Botany, 2008. 
Six-pot experiments were carried out during 2004-2007 on Zingiber 
officinale Rose, (ginger) and Curcuma longa L. (turmeric). The salient features 
• » » . . . . . 
are given below. „.. . 
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Experiment 1/(2(^4-2005) was chjirfjlcted according to a simple 
•--•'iM dMA i \ 
randomized design to SttHfy the effect of fiye3|asal levels of N, viz. 0, 40, 80, 
120 and 160 kg N per ha in"^.Rf'^W^x)f a uniform recommended basal dose 
of P and K (P22K42) on the performance of ginger so as to find out the optimum 
dose of N. The performance of the crop was adjudged in terms of growth 
characteristics (plant height, number of leaves per plant, number of tillers per 
plant, leaf length and breadth and shoot fresh weight, rhizome fresh weight, 
shoot dry weight and rhizome dry weight per plant), biochemical parameters 
(chlorophyll content, leaf NPK content and rhizome NPK, carbohydrate and 
protein contents) and yield attributes (primary fingers per plant, secondary 
fingers per plant and rhizome yield per plant). The growth and biochemical 
parameters were studied at 120 and 180 DAP and yield attributes at harvest 
(240 DAP). Application of N enhanced most of the characters, with N120 giving 
maximum values. 
Experiment 2 (2004-2005) was conducted according to a simple 
randomized design to find out a basal dose of N out of 0, 30, 60, 90 and 120 kg 
N per ha for the best performance of turmeric in terms of growth characteristics 
(plant height, number of leaves per plant, number of tillers per plant, leaf length 
and breadth and shoot fresh weight, rhizome fresh weight, shoot dry weight and 
rhizome dry weight per plant), biochemical and quality parameters (chlorophyll 
content, leaf NPK content and rhizome NPK, carbohydrate, protein and 
curcumin contents), and yield attributes (primary fingers per plant, secondary 
fingers per plant and rhizome yield per plant). The crop also received a uniform 
recommended basal dose of P and K (P13K50). Growth characteristics 
biochemical and quality parameters were studied at 120 and 180 DAP and yield 
attributes at harvest (240 DAP). Application of N resulted in enhanced values 
for most of the parameters, with 90 kg N per ha proving optimum. 
Experiment 3 (2005-2006) was conducted according to a simple 
randomized design. The aim of this experiment was to find out the best dose of 
basal P out of the five P levels, viz. 0, 10, 20, 30 and 40 kg P per ha for growth 
and development of ginger grown with a uniform basal dose of N (emanated 
from the data of Experiment 1) and the recommended basal dose of K 
(N120K42). The various parameters studied were the same as in Experiment 1. 
Application of P enhanced most of the characters, with P30 giving maximum 
values. 
Experiment 4 (2005-2006), a simple randomized one, was conducted to 
establish the optimum basal dose of P out of 0, 15, 30, 45 and 60 kg P per ha 
for turmeric grown with a uniform basal dose of N (substantiated from the data 
of Experiment 2) and the recommended basal dose of K (N90K50). The crop 
response was assessed on the same basis as in Experiment 2. Application of P 
enhanced most of the characteristics, with P45 proving best. 
Experiment 5 (2006-2007) was performed according to a simple randomized 
design to study the effect of five levels of foliar spray of TRIA, viz. 0, 10"'^ , 
10"^ ,^ 10"^ ^ and 10"^ ^ M on the performance of ginger grown with a uniform 
basal dose of N and P (selected from the data of Experiment 1 and 3 
respectively) and the recommended basal dose of K (N120P30K42) so as to 
establish the best spray dose of TRIA. The performance of the crop was studied 
in terms of the same characters as in Experiment 1. The spray of TRIA 
improved most of the characters, with 10'^  °M TRIA registering the maximum 
values. 
Experiment 6 (2006-2007) was conducted according to a simple randomized 
design on turmeric to investigate the effect of five levels of foliar spray of 
TRIA, viz. 0, IQ-^^ IQ-^ -^  IQ-^ " and IQ-^ ^M on the same parameters studied in 
Experiment 2 so as to select its best dose. The crop also received a uniform 
basal dose of N and P (obtained on the basis of the data of Experiments 2 and 4 
respectively) and the recommended basal dose of K (N90P45K50). Application of 
TRIA improved values for most parameters, with 10"^ ° M giving maximum 
values. 
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Introduction 
CHAPTER 1 
INTRODUCTION 
Plants have been the most important source of medicine (and 
adornment) ever since the dawn of human civilization. For centuries, they 
remained responsible for curing most of the ailments of mankind throughout 
the world. The systems of medicine that utilize them are known by different 
names, such as folk, herbal and traditional medicine etc. These relieve man 
from pain and disease unfailingly both in ancient civilizations around the 
Mediterranean and in the Middle East, India, China and even in the Americas 
and Africa and remained equally popular for centuries world-wide. 
Even the scientifically allopathic system of medicine that started 
replacing them gradually in the recent past was itself based in its earlier stages 
mainly on plant products. It is noteworthy that these were first replaced by their 
purified synthetic counterparts and later by more potent "designer" molecules 
to increase efficacy, only to be followed by the timely discovery of their 
dangerous, even life threatening "side-effects," by an ever-vigilant modem 
scientific community, which has spurred a timely awareness leading to the 
"rehabilitation" of the plant-based medical systems again as they have 
repeatedly proved to be safe and secure. 
In recent years, the growing demand for herbal products has led to a 
quantum jump in the volume of plant materials traded within and across the 
producing countries. The world market for plant-derived chemicals, 
pharmaceuticals, fragrances, flavours and colour ingredients alone exceeds 
several billion dollars per year (Purohit and Vyas, 2004). India is one of the 
largest users as well as suppliers of medicinal plants participating actively in 
the global market. India's booming export trade in medicinal plants has risen 
almost three-fold during the last decade (Purohit and Vyas, 2004; 
Bhattacharjee, 2004). 
Among the medicinal plants, Zingiber officianle Rose, (ginger) and 
Curcuma longa L. (turmeric) occupy prominent positions both in ancient and 
modem systems of medicine. Besides, these plants are of paramount 
importance in the spices world. Ginger is valued in medicine as a carminative 
and stimulant of the gastro-intestinal tract. It is an effective antioxidative, 
antitumorigenic, antimicrobial and antiviral agent. It is also effective in 
treatment of nausea, vomiting, arthritis, high blood pressure and motion 
sickness. Ginger is highly esteemed for its pleasant and aromatic odour and 
pungent taste. It is widely used for flavouring a great variety of foods as well as 
for the preparation of extracts and oleoresins, and for distillation of its volatile 
oil (Schmid et al., 1994; Ahmed et al., 2000a and b; Hashimoto et ai, 2002; 
Chrubasik et al., 2005; Stoilova et al., 2007). Turmeric is used as traditional 
medicine and household remedy for various diseases, including biliary 
disorders, anorexia, coryza, cough, diabetics, wounds, hepatic disorders, 
rheumatism and sinusitis. It is extensively used for the treatment of sprains and 
swelling caused by injuries (Chattopadhyay et al, 2004). Curcumin (Fig. 1), 
the main yellow bioactive component of tumeric has been found to possess a 
myriad of therapeutic uses as anti-inflammatory, antioxidantic, antihepatotoxic, 
antimicrobial and anti-depressant agent. More recently, it has been used for 
chemo-preventive antifertility and neuroprotective purposes (Kandarkar et al., 
1998; Bhagat and Purohit, 2001; Vajragupta et al, 2003; Jain et al, 2007). 
Though India is a major producer of ginger and turmeric, the growing on 
supply demand owing to their nutritive and therapeutic values is putting a 
heavy strain in the market. In the coming years, the demand may even exceed 
supply. To overcome this critical situation, their enhanced production with 
value addition, if possible, is extra-ordinarily desirable. One of the best 
alternatives to counter this adverse situation is the large-scale cultivation of 
these plants on scientific lines. This would not only ensure steady supply but 
also augment their yield and quality. Furthermore, this is also a potent 
safeguard against aduUerated, spurious, soiled and sub-standard drugs. 
Therefore, it is essential to undertake systematic studies on the 
mineral/fertilizer and other agricultural requirements of at least those medicinal 
plants, including ginger and turmeric, whose supply has not been keeping pace 
with their increasing demands (Handa and Kaul, 1996; Handbook of 
Agriculture, 2002; Farooqi and Sreeramu, 2003). 
Mineral nutrition is an important aspect in the study of growth and 
development of plants as nutrient elements play specific and vital functions in 
plant metabolism. They may be a part of structural units incorporated in 
organic molecules, as enzyme activators and in osmotic balance (Salisbury and 
Ross, 1992). Each essential nutrient element plays a specific role. Among 
them, nitrogen (N), phosphorus (P) and potassium (K) are considered special as 
they are removed by most of the crops in relatively larger quantities. The 
capacity to assimilate carbon in the source organs, followed by utilization of 
the photosynthates partly for growth and development and partly for storage in 
the sink organs is affected to a great extent by mineral nutrients apart from 
other factors. Their deficiency substantially impairs production of dry matter 
and its partitioning between various plant organs (Geiger et al, 1996; 
Marschner et al, 1996; Marschner, 2002). In addition, the use of plant growth 
regulators (PGRs) is considered profitable for further augmenting the 
production and quality of the crops as PGRs are known to be actively engaged 
in various physiological activities and affect many facets of plant life (Ries and 
Wert, 1988; Ries, 1991; Kende and Zeevart, 1997; Abdul Jaleel et al, 2007; 
Shah et al, 2007). Out of a variety of PGRs, triacontanol (TRIA) 
[CH3(CH2)28CH20H] (Fig. 2) is a potent plant grovv1;h regulator that promotes 
favourable growth and exerts yield promotive effects on various agro-
horticultural crops. It is known to control a wide range of physiological 
functions in plants. The major growth regulatory effects of TRIA enlist 
photosynthesis stimulation, enhanced water and nutrient uptake, enzymatic 
activity etc. (Angelov et al, 1988; Savithiry et al, 1992; Oritani, 1993; 
Kumaravelu et al, 2000). 
Keeping these points in view, it was decided to cultivate ginger and 
turmeric on scientific lines to workout their optimum basal doses of nitrogen 
0CH3 HsCO 
Fig.l: Structural formula of curcumin 
OH 
Fig. 2 : Structural formula of triacontanol 
and phosphorus and to study the effect of different concentrations of foliar 
spray of triacontanol (TRIA) for profitable cultivation of these plants under 
local conditions of Aligarh in Western Uttar Pradesh, India. Although a few 
attempts have been made in different parts of India to increase the productivity 
of ginger and turmeric, using fertilizer application but no proper and scientific 
fertilizer schedule is available for these two crops in western parts of Uttar 
Pradesh. Moreover, no work has been done so far regarding the effect of 
growth regulators, particularly TRIA, on these two medicinal plants. Before, 
we extend these trials to field, it is imperative to perform these experiments in 
pots. It was, therefore, decided to undertake six-pot experiments on ginger and 
turmeric with the following objectives in mind: 
1. To determine the optimum basal dose of N for ginger on the basis of its 
growth characteristics, biochemical parameters and yield attributes 
(Experiment 1). 
2. To select the optimum basal dose of N for turmeric on the basis of its 
growth characteristics, biochemical and quality parameters and yield 
attributes (Experiment 2). 
3. To obtain the optimum basal dose of P for ginger on the basis of its 
growth characteristics, biochemical parameters and yield attributes 
(Experiment 3). 
4. To establish the optimum basal dose of P for turmeric on the basis of its 
growth characteristics, biochemical and quality parameters and yield 
attributes (Experiment 4). 
5. To investigate whether foliar application of graded TRIA solution could 
enhance growth characteristics, biochemical parameters and yield 
attributes of ginger and to select the optimum dose to be applied 
(Experiment 5). 
6. To find out whether foliar application of graded TRIA solution could 
meliorate growth characteristics, biochemical and quality parameters 
and yield attributes of turmeric and to select the optimum dose to be 
applied (Experiment 6). 
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CHAPTER 2 
REVIEW OF LITERATURE 
This chapter deals with general description of two selected medicinal 
plants and their response to inorganic plant nutrients (N and P) and plant 
growth regulator (TRIA). 
2.1 General description 
As mentioned in the preceeding chapter (pages 1-4) two medicinally 
important plants viz., ginger and turmeric have been selected for this study. A 
general account of these plants is given below. 
2.1.1 Ginger (Zingiber officinale Rose.) 
Ginger, the rhizome of the perennial plant Zingiber officinale Rose, 
belongs to the family Zingiberaceae, It is distributed in the tropical and 
subtropical parts of the world and is cultivated on a large scale in India, China, 
Japan, Indonesia, Malaysia, Jamaica, Nigeria and Sierra Leone from where it is 
exported to other countries of the world. In India, fourteen species are reported 
to o^cur, of which ginger is cultivated widely for the rhizomes. 
Ginger has been in cultivation in India from times immemorial. The 
important ginger growing states in India are Kerala, Orissa, Kamataka, West 
Bengal, Madhya Pradesh and Himachal Pradesh. The plants are propagated 
from cuttings of the rhizome. The cuttings are known as fingers and each 
carries a bud. Ginger is sown during March and April. The rich loamy well 
drained soil is ideal for its cultivation. A well-distributed rainfall (150-300 cm) 
during the growing season and dry spells during land preparation as well as 
before harvesting are required for large scale cultivation of the crop. 
Rhizomes of ginger are aromatic, thick-lobed, pale yellowish differing 
in shape and size in the different cultivated types. The stem (pseudostem) is 
slender and erect clothed by sheathing bases of large alternate leaves. Leaves 
are narrow, distichous, subsessile, linear-lanceolate, dark green and evenly 
narrowed to form a slender tip (Fig. 3). Flowers are borne at the tip of stem in a 
spike inflorescence. However, flowering is a cultivar characteristic that may 
vary. 
2.1.1.1 Medicinal uses 
Ginger is used as a broad spectrum antiemetic. It is valued as herbal 
medicine for a number of conditions including those affecting the digestive 
tract, headaches, nausea, vomiting and motion sickness (Ernst and Pittler, 2000; 
Dedov et al., 2002; Borrelli et al., 2004). Use of ginger has become a great 
vogue as a household remedy for flatulence and colic. An extract of ginger is 
used as an adjunct to many tonic and stimulating remedies. Externally ginger is 
used as a local stimulant and rubefacient (The Wealth of India, 2001). Ginger 
possesses antioxidant properties and also have edible oils and fats to protect 
them against oxidative rancidity. The phenolic constituents of the alcohol 
soluble fraction of ginger are responsible for the antioxidative effect (Ippoushi 
et al., 2003). It also exerts antitumorigenic and immunomodulatory effects and 
is an effective antimicrobial and antiviral agent (Mascolo et al., 1989; Reddy 
and Lokesh, 1992; Vimala et al., 1999; Akoachere et al., 2002). Ginger is 
reported to contain an antihistaminic factor. It is included among anti-
depressants and it forms an ingredient of anti-narcotic preparations. It is also 
effective in osteoarthritic pain (Bliddal et al., 2000; Wigler et al., 2003). The 
herb is reported to be used as a flavouring agent for food mostly in a powdered 
and candied form. 
2.1.2 Turmeric (Curcuma tonga L.) 
Turmeric belongs to genus Curcuma of the family Zingiberaceae. The 
genus comprising of rhizomatous herbs, is distributed throughout the tropical 
belt. But, its cultivation as a spice is largely confined to India, South East Asia 
and Indonesia (Purseglove, 1988). In India, about 18 species are reported to 
occur, of which turmeric is the important spice plant. India has a prime position 
Potted plant Uprooted plant 
Fig. 3 : Ginger {Zingiber officinale Rose.) 
in the world production of turmeric. It is cultivated throughout the country. 
However, large-scale cultivation is largely confined to southern and eastern 
India which includes Andhra Pradesh, Tamil Nadu, Orissa, Karantaka and 
West Bengal (George, 1994). 
Turmeric is usually propagated vegetatively using rhizomes or fingers. 
The optimum time of planting turmeric in India is from April to June 
depending on the agro-climatic condition of the area. It requires a warm and 
humid climate. The temperature of 30-35°C at early planting stage ensures 
early and high germination. Turmeric thrives in well drained, fertile, sandy and 
clayey, black red or alluvial loams. 
It is an erect perennial herb, usually grown as an annual. The rhizome 
at the base of each aerial stem is ellipsoidal, fleshy and ringed with the bases of 
old scale leaves. Rhizomes are branched and have a brownish yellow, 
somewhat scaly outer skin and a bright orange yellow flesh, with white young 
tips and a spicy smell when bruised. The erect leafy shoots bears alternate, 
distichous leaves surrounded by bladeless sheaths, forming a short pseudostem. 
Leaves are long-petioled, lanceolate, accuminate and dark green above and 
light green below and covered with pellucid dots (Fig. 4). The inflorescence is 
a cylindrical spike 10-15 cm long, enclosed in the spathe. Flowers are pale 
yellow in colour whereas fruits are rarely produced. 
2.1.2.1 Medicinal uses 
Turmeric is a medicinal plant extensively used in Ayurveda, Unani 
and Siddha medicine as a home remedy for various diseases (Ammon and 
Wahl, 1991; Eigner and Scholz, 1999). It is used as a household remedy as 
anti-inflammatory, antiseptic and irritant in the form of lepas on skin. 
Curcumin, the main yellow bioactive component of turmeric has been shown to 
have a wide spectrum of biological actions. These include its anti-
inflammatory, antioxidant, anticarcinogenic, antimutagenic, anticoagulant, 
antifungal, antifertility, antidiabetic, antiallergic, antibacterial, antiprotozoal, 
Potted plant Uprooted plant 
Fig. 4 : Turmeric (Curcuma longa L.) 
antiviral, antifibrotic, antivenom, antiulcer, hypotensive and hypocholesteremic 
activities (Ferreira et ai, 1992; lyangar et al, 1995; Rao, 1996; Negi et al., 
1999; Ramachandran et al, 2000; Yano et al, 2000; Araujo and Leon, 2001; 
Kim et al, 2001; Shukla et al, 2002 and Singh et al, 2002). Turmeric has also 
been found to possesses hepatoprotective and hepatotoxic activity (Deshpande 
et al, 1998). Turmeric powder has beneficial effect on the gastromtestinal 
system, cardiovascular system and nervous system (Nirmala and 
Puvanakrishnan, 1996; Deshpandey et al, 1998; Lee et al, 2003 and 
Vajragupta et al, 2003). 
2.2 Plant mineral nutrition 
The term "mineral nutrition" may be defined as series of processes 
through which the mineral nutrients required for plant growth and development 
are absorbed fi-om the soil and metabolized inside the plant bodies. The 
beneficial effect of adding mineral elements in the form of plant ash and lime 
to soils to improve plant growth has been knovm m agriculture for more than 
2,000 years (Marschner, 2002). No one knows with certainty when human first 
incorporated organic substances, manure or wood ashes as fertilizers in soil to 
stimulate plant growth. However, it is documented in writings as early as 2500 
B.C. that humans recognized the richness and fertility of alluvial soils in 
valleys of the Tigris and Euphrates rivers (Hewitt, 1963). The 17* century is 
thought to be the beginning of researches on plant nutrition when Van Helmont 
(1577-1644) drew the attention to the importance of nutrients for plants (Bould, 
1963). Glauber (1604-1655) was first person in the history of mineral nutrition, 
who found that saltpetre (potassium nitrate) was effective for plant growth. 
After a century, Home (1755) found that not only saltpetre stimulated plant 
growth but Epsom salt (magnesium sulphate) and potassium sulphate also had 
similar effects. Home, also showed that there are two ways of approach to the 
study of plant nutrition, i.e. pot culture and plant analysis (Bould, 1963). de 
Saussure for the first time established a close relation between the minerals 
found in the soil and plants growing in it and claimed the importance of 
nitrogen for plant growth. 
It was mainly to the credits of Justus Von Liebig (1803-1873) that the 
scattered information concerning the importance of mineral nutrients for plant 
growth was collected and summarized and the mineral nutrition of plant was 
established as a scientific discipline. Sachs and Knop in 1860s were able to 
visualize the requirement of ten elements for plants with the help of water 
culture experiments. These include calcium, carbon, hydrogen, iron, 
magnesium, nitrogen, oxygen, phosphorus, potassium and sulphur. These 
elements are termed as macro elements or macro nutrients (Reed, 1942; Bould, 
1963). Subsequent progress in analytical chemistry, particularly in the 
purification of chemicals and methods of detection and estimation, enabled 
plant scientists to discover the essentiality of using seven other microelements 
viz. boron, chlorine, copper, manganese, molybdenum, nickel and zinc 
(Salisburry and Ross, 1992). Recently, two elements have been added in the list 
viz. sodium and silicon. The former is required for C-4 and CAM plants such 
as rice and sugarcane (Subbarao et al, 2003). However, silicon is essential for 
diatoms and Equisetum. Both these elements are considered as "quasi 
essential" (Epstein, 1999, 2001; Epstein and Bloom, 2005; Rains et al. 2006). 
When the science of plant nutrition bloomed in the 20* century, different 
researchers, using sophisticated analytical techniques, were able to demonstrate 
the essentiality of these elements for plant growth and development. 
2.3 Physiological roles of NPK in plants 
Among various nutrients, N, P and K are considered to be of prime 
importance. These nutrients play several important roles in metabolic and 
regulatory process in plants (Marschner, 2002) and the roles of these nutrients 
are briefly described individually in the following pages. 
2.3.1 Nitrogen 
Nitrogen is the fourth most abundant element in plants after carbon, 
hydrogen and oxygen. It is absorbed by plants as nitrate ions (NO3"), 
ammonium ions (NH4^ ) and urea (Ford and Clarkson, 1999; Von Wiren et al, 
2000) and is reduced and incorporated into organic compounds (Bandurski, 
1965). Nevertheless, N is an indispensable elementary constituent of numerous 
organic compounds of general importance like proteins, amino acids, nucleic 
acids, chlorophylls, enzymes, amides, amines, peptides, alkaloids and growth 
hormones (Mengel and Kirkby, 1996; Hopkins, 1999; Marschner, 2002). N 
evidently plays a central role in cellular metabolism. Hence, physiological 
maturity and yield of many crops have been governed by the N supply to the 
crops (Black, 1973). 
An adequate supply of N is associated with high photosynthetic 
activity, vigorous vegetative growth and a dark green colour. However, 
deficiency of nitrogen results in stunted growth and general chlorosis of the 
leaves. Deficiency symptoms first appear in mature leaves but as N is highly 
mobile element it is followed by younger leaves. Conditions of N stress also 
lead to an accumulation of anthocyanin pigments in many species, contributing 
a purplish colour to the stems, petioles and underside of leaves. 
Excess N stimulates abundant growth of the shoot system but leads to 
feebly developed roots. As a result, a high shoot/root ratio occurs. Its excess 
also delays reproductive growth and may affect finit and grain quality 
adversely (Black, 1973; Devlin and Witham, 1986; Salisbury and Ross, 1992; 
Marschner, 2002). 
2.3.2 Phosphorus 
Phosphorus is often the limiting element in the soil. It is present in fixed 
forms as organic and inorganic molecules in the soil and is absorbed by plants 
as monovalent (H2P04') or divalent (HP04"^ ) anions. Like N, P plays an 
important role as a structural component of the cell constituents and 
metabolically active compounds, such as coenzymes, nucleic acids, 
nucleoproteins, nucleotides, phospholipids, phosphorylated sugars and organic 
acids (Gauch, 1972; Devlin and Witham, 1986; Salisbury and Ross, 1992; 
Raghothama, 1999; Marschner, 2002). Being a constituent of ADP, NADP, 
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phosphoglyceraldehyde and ribulose phosphate, P is involved in the basic 
reactions of photosynthesis. Similarly, P plays a key role in energy transfer, 
respiration and other important pathways through the enzyme rich bonds of 
adenosine triphospahte (ATP) and similar compounds (Devlin and Witham, 
1986). These include AMP, ADP, NAD, NADP, FAD and TPP, which are 
responsible for many biochemical reactions in the cell. Besides being a 
constituent of the nucleic acids, which form genes and control all life 
processes, P plays many other key roles in plant life. In fact, "P is involved 
practically in every synthetic reaction of cell" (Hewitt, 1963). 
Phosphorus is a highly mobile element hence, its visual deficiency is 
first observed in older leaves, symptoms extend from older to younger leaves. 
The most characteristic manifestations of P deficiency are an intense dark 
green colouration of the leaves due to accumulation of anthocyanin and 
development of necrotic areas on the leaves, petioles and fruits. P deficient 
plants usually have shortened and slender stems. Its deficiency decreases root 
hair proliferation and elongation, delays flowering and fruiting and causes a 
decrease in photosynthesis and disease resistance (Hewitt, 1963; Devlin and 
Witham, 1986; Hopkins, 1999; Raghothama, 1999). 
In contrast to N, excess supply of P results in increased root growth 
compared with shoot growth (Hopkins, 1999). 
2.3.3 Potassium 
Potassium is abundantly present in soluble form in the cytoplasm and 
in the vacuolar cell sap. It is absorbed by plants as the monovalent cation (K^). 
K ion serves to activate number of enzymes, notably those involved in 
photosynthesis and respiration (Hopkins, 1999). It plays an important role in 
osmoregulation, enzyme activation, cation-anion balance, phloem transport, 
photophosphorylation, photosynthesis and protein synthesis (Maathuis and 
Sanders, 1996; Marschner, 2002). It is also essential for other metabolic 
processes, including glycolysis, oxidative phosphorylation and adenine 
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synthesis (Evans and Sorger, 1966). K plays an important role in tissue 
hydration and thus helps in opening and closing of stomata (Fischer and Hsiao, 
1968; Humble and Hsiao, 1969; Webb and Mansfield, 1992). It is also highly 
important in enhancing the ability of plants to resist diseases, insect attacks and 
lodging (Marschner, 2002; Patnaik, 2003). 
K deficiency does not immediately result in visible symptoms. At first 
there is only reduction in growth rate and only later do chlorosis and necrosis 
occur. These symptoms generally begin in the older leaves due to its high 
mobility. Plants suffering from K deficiency show a decrease in turgor, 
photosynthesis, protein synthesis, grain size and yield (Mengel and Kirkby, 
1996; Marschner, 2002). Excess supply of K delays maturity, though not to the 
same extent as that of nitrogen (Patnaik, 2003). 
2.4 Triacontanol 
Triacontanol (TRIA), a 30-carbon primary alcohol was first identified 
by Chibnall et al, 1933 as a natural component of plants including alfalfa. 
Chibnall and his colleagues later verified this early finding by mass 
spectroscopy (Waldron et al, 1961). Most studies of plant waxes have shown 
TRIA to be distributed in the epicuticular waxes of widely diverse genera such 
as Croton califomius, blueberry (Vaccinium ashei), Brazilian palm (Copernica 
cerifera), runnerbean {Phaseolus multiflorus), white clover (Trifolium repens), 
alfalfa (Medicago sativa) and in physic nut {Jatropha curcas). The plant 
growth regulating activity of TRIA was first discovered in 1977 by Ries et al. 
Since then, many investigators have shown that TRIA influences 
photosynthesis, nutrient uptake and enzymatic activity (Eriksen et al, 1981; 
Miniraj and Shanmugavelu, 1987). It also hastens cell elongation and cell 
division and increases dry weight, carbon-dioxide fixation, reducing sugars, 
soluble proteins and fi:ee amino acids leading to the enhancement of plant 
growth and crop yield (Ries, 1985; Shripathi et al., 1997). 
12 
2.5 Effect of N, P and TRIA application on ginger and turmeric 
Application of appropriate amount of nutrients to achieve ideal crop 
production is one of the important aspects in agricultural research. Among 
various plant nutrients N, P and K are considered of primary value as they are 
required by plants in comparatively large quantities. Further, researches proved 
that exogenous application of TRIA have also direct relation with growth and 
development of plants. In the following pages, an effort has been made to 
review the relevant work conducted in India and abroad on the general aspects 
of ginger and turmeric and their response to the application of N, P and TRIA. 
Since the literature on the effect of TRIA on the above two crops is meagre, 
therefore other plants have also been included in the present study. 
2.5.1 Ginger 
The research work on this medicinal plant in relation to nutrient 
application is reviewed below. 
Lee et al. (1981) studied the effects of nitrogen supply on growth and 
development of ginger in a subtropical enviroimient at Beerwah, Queensland, 
Australia. They applied five levels of N, viz. 56, 112, 224, 448 and 896 kg per 
ha as fertilizer grade ammonium nitrate (equivalent to 19.6, 39.2, 78.4, 156.8, 
313.6 kg N per ha). Destructive harvests were taken on 10 occasions and 
measurements were made of fresh weight and dry weight of rhizomes and 
shoots. Rhizomes were classified according to order of branching, and the 
numbers of shoots arising from each branch order was determined. The data 
from these trials revealed that fertilizer nitrogen significantly increased the 
number of third order shoots and fourth order rhizome branches and the total 
yields of shoots and rhizomes. A rate of application of 200-300 kg N per ha as 
ammonium nitrate was required for maximum yield. 
Maity et al. (1988) reported the influence of planting time, size of 
rhizome as planting material and various levels of N, P and K on growth and 
yield of ginger in the plains of West Bengal. The data fi-om above study 
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revealed that the optimum date for planting was 15 May and the best weight of 
planting material was 40 g. Of the three materials used for mulching, wheat 
straw was the best. The optimum fertilizer dose found was 120 kg N, 60 kg 
P2O5 (equivalent to 26.2 kg P) and 90 kg K2O (equivalent to 74.7 kg K) per ha. 
Saha (1989) conducted field trials to evaluate the response of ginger cv. 
'Thingpuri' to different sources of N and P under terrace conditions of mid-
altitude Mizoram. The plants received FYM, N as urea and P as diammonium 
phosphate, single superphosphate or Mussurie rock phosphate in different 
combinations. They reported that the highest yield (8.26 t per ha) of fresh 
rhizomes was obtained from plots receiving 90 kg N, 26.4 kg P and 74.7 kg K 
per ha as urea: diammonium phosphate; muriate of potash. 
Wiroatmodjo (1990) reported the agronomic manipulations for 
exportable size of gingers var. Badak. He applied N at 0, 200 or 400 kg per ha 
as a top dressing, half at 6 weeks and half at 12 weeks after planting. 
Measurements were taken at 60 days interval. It was observed that in all 
treatments, the value of root, leaf and stem dry weight peaked when plants 
were 4, 6 and 8 months old respectively but rhizome dry weight continued to 
increase until 10 months. He also observed that rhizome fibre content increased 
with age from 0.01-0.03% at 4 months to 3.28,14.18 and 25.26% at 6, 8 and 10 
months respectively, and was not influenced by the nitrogen treatments. 
Conclusively, 200 kg N per ha proved more or less optimum for most of the 
parameters including percentages of rhizomes of exportable size. 
A field trial was conducted by Singh and Neopaney (1993) to study the 
effect of NPK nutrition and spacing on yield attributes of ginger. The study 
showed that application of NPK at 150:80:60 kg per ha with 20 x 20 cm 
spacing produced greater plant height, maximum number of leaves and higher 
yield. However the greater size of the rhizome was recorded with spacing of 15 
x 30 cm. 
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In a field experiment conducted during the 'kharif (rainy) season, 
Khandkar and Nigam (1996) observed the effect of farmyard manure (FYM) 
and fertility level on growth and yield of ginger. They applied FYM at 0, 3 or 
6 t per ha and NPK at 50:17.4:16.6 kg per ha (Fi) or 100: 34.9: 33.2 kg per ha 
(F2). Half the N as urea, was applied basally and the other half as a top dressing 
at 25 days after planting. All the P and K were applied basally as single 
superphosphate and muriate of potash, respectively. Results revealed that 
rhizome yield increased with increasing rate of FYM application (3.30 t per ha 
with 6 t FYM per ha, compared with 2.26 t per ha with 0 t FYM per ha). F2 
gave a higher rhizome yield than Fi (3.03 and 2.65 t per ha, respectively). Plant 
height was found greater with FYM than without it, although there was no 
difference between 3 and 6 t FYM per ha. FYM at 6 t per ha gave more leaves 
and tillers per plant than the other rates. F2 gave more leaves and tillers per 
plant and taller plants than Fj. They also noted that there were no significant 
interactions between FYM and NPK rates. 
Prasad et al. (1997) investigated the pattern of nutrient content and 
nutrient uptake in ginger cultivars at Brahmaver. They recorded the greatest 
nitrogen contents in the rhizome, shoot and root in cv. 'Nandan'. The 
phosphorus contents of the rhizomes and shoot were highest in cv. 'Maran', 
while the rhizome and shoot of the cultivar 'Waynad Local' had the highest 
potassium content. It was also noted that the cultivar 'Nandan' removed the 
most N (150.31 kg per ha) and K (213.31 kg per ha), whereas cv. 'Maran' 
removed the most P (35.91 kg per ha) fi"om the soil. 
Thakur and Sharma (1997) reported the response of ginger to N and P in 
sub-tropical zone of Himachal Pradesh. They observed that N and P rates up to 
100 kg N and 60 kg P2O5 (equivalent to 26.2 kg P) per ha significantly 
increased rhizome yield. In general, they found that N, P and K uptake by 
ginger increased with increasing N and P rates up to 150 and 90 kg per ha 
respectively. ' 
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Gowda et al. (1998) laid out a field experiment at the Horticulture 
Research Station, Bangalore, on a red sandy loam and studied the effect of 
NPK levels on the yield of ginger cv. 'Rio-de-Janeiro'. The data from these 
trials revealed that the application of 150 kg N, 75 kg P2O5 (equivalent to 32.7 
kg P) and 50 kg K2O (equivalent to 41.5 kg K) per ha gave the highest yields. 
Gowda et al. (1999) investigated the effects of N (50, 100 or 150 kg per 
ha), P (25, 50 or 75 kg per ha) and/or K (50, 75 or 100 kg per ha) on growth 
and yield of ginger cv. 'Rio-de-Janeiro'. The study showed that the yield 
increased with increasing rates of N and P. Interestingly, the lowest K dose 
gave highest yields. Interactions between the two fertilizers also influenced 
yield, with high yields (15.62 - 22.53 t per ha) observed in the following 
combinations: 150 kg N + 75 kg P per ha; 150 kg N + 50 kg K per ha and 25 kg 
P + 50 kg K per ha. 
Dayanakatti and Sulikeri (2000a) conducted an experiment to study the 
effect of crop density (87, 719, 1,11,111 and 1,48,148 plants per ha) and N 
application rates (50, 75, 100 and 125 kg per ha) on the growth attributes of 
ginger in Kamataka. They observed that the crop density had no significant 
effect on plant height and the number of tillers per plant. However, the highest 
number of leaves and spread of rhizomes were recorded at the lower density. 
Leaf-area was highest at medium population. All growth parameters were 
significantly influenced by N levels. They also reported that highest plant 
height, tiller number, number of leaves, leaf area index and spread of rhizomes 
were obtained from plants receiving 125 kg N per ha. 
Dayanakatti and Sulikeri (2000b) further studied on the yield and 
yield attributes of ginger. They collected data on the number and 
circumferences of primary and secondary rhizomes, and fresh and cured 
rhizome yields. Results revealed that both plant population and N levels had 
significant effect on fresh and cured rhizome yields, with the highest values 
being produced under conditions of highest population and highest level of N. 
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Pradeepkumar et al. (2001) laid out a field experiment on ginger in 
Kerala, to determine the optimum dose of N (0, 75, 150 and 225 kg N per ha) 
and K (0, 50, 100 and 150 kg K per ha) requirements. It was found that N 
fertilizer significantly affected plant height up to 75 kg N per ha, while K 
fertilizers had no significant effect. The increase in N and K rates increased the 
number of tillers. Combinations of 150 kg N with 50 or 100 kg K and 75 kg N 
with 150 kg K were found significantly superior to other combinations with 
respect to yield. 
Ajitkumar and Jayachandran (2001) performed a field experiment in 
Balarampuram to study the effects of N viz. 0, 75 and 150 kg per ha, P viz. 0, 
50 and 100 kg P2O5 (equivalent to 0, 21.9 and 43.7 kg P) per ha and K viz. 0, 
50 and 100 kg K2O (equivalent to 0,41.5 and 83 kg K) per ha rates on the yield 
of ginger cv. 'Rio-de-Janeiro'. For all treatments, they applied fijll rate of P2O5 
and 50% K2O as basal dressings. N (50%) was applied at 60 days after planting 
(DAP). The remaining N was applied at 120 DAP along with 50% of K2O. 
They reported that the number of leaves per plant increased with increasing N 
and P2O5. However, it was not significantly affected by increasing K2O rate. 
Generally, the leaf area index, dry matter production, crop growth rate (at 60-
120 and 120-180 DAP) nutrient uptake, and rhizome yield increased with 
increase in N, P2O5 and K2O rate. They concluded that the application of 50 kg 
N + 100 kg P2O5 per ha and 50 kg N + 100 kg K2O per ha produced the highest 
yield. 
Pariari and Bhattacharya (2001) conducted a field experiment in 
Pundibari, West Bengal, to determine the optimum fertilizer combinations for 
ginger cv. 'Garubathan'. The treatments comprised of different rates of P (0, 
30, 60 or 90 kg per ha) and N (0, 40, 80 or 120 kg per ha). It was applied in 2 
equal splits after 40 and 90 days of planting. Whereas, K was applied at a fixed 
rate (60 kg per ha). It was observed that the highest and lowest yield and 
quality (higher alcohol extract and crude oil and low fibre content) were 
recorded from 80:30:60 and 40:80:60 kg per ha of N, P and K, respectively. 
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Majumdar et al. (2003) carried out field studies in the sandy loam soil of 
Umiam, Meghalaya, to investigate the response of ginger cv. 'Nadia' to 
different N rates (0, 50 and 100 kg per ha), FYM at 0 and 5 t per ha, and 
removal or non removal of mother rhizomes. It was observed that rhizome 
yield, N, P and K uptake, crude protein and oleoresin contents of ginger 
increased significantly with N and FYM application, but removal of mother 
rhizome did not affect these parameters. However, removal of mother rhizome 
positively affected the residual nutrient status in the post-harvest soil. They also 
observed that N and FYM interaction was significant for yield, mineral uptake, 
oleoresin content and residual nutrient build up in the soil. They concluded that 
100 kg N per ha + 5t FYM per ha was the best treatment for obtaining the 
highest yield and good crop quality. 
Haque et al. (2007a) carried out the field experiment on ginger in the 
Hill tracts of Khagrachari, Bangladesh, to evaluate the response of ginger with 
different levels of N (0, 120, 150 and 180 kg per ha) and K (0, 100, 130 and 
160 kg per ha). The results revealed that combined application of N and K was 
more effective. It was also noticed that effect of N was more distinct than K. 
They concluded that N and K at highest rate NigoKieo kg per ha significantly 
augmented the ginger yield and other yield parameters. 
2.5.2 Turmeric 
The research work on this medicinal plant in relation to N and P 
application is reviewed below: 
In a field experiment in W. Bengal, Pal et al. (1993 a) studied the 
response of turmeric to N and K fertilization under alley cropping with 
Leucaena . N was applied at the rate of 60 or 120 kg per ha all as urea and half 
as green L leucocephala leaves and K was applied at the rate of 60 or 120 kg 
K2O (equivalent to 49.8 or 99.6 kg K ) per ha as muriate of potash. Turmeric 
was planted at 40 x 20 cm in the alleys between L. leucocephala which was cut 
3 times a year at 90 days interval. Turmeric rhizomes were harvested after 270 
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days in each of 2 years. They observed that average turmeric yields ranged 
from 6.16 t per ha in control to 9.89 t per ha with 120 Kg N (half as urea and 
half as leaves) +120 kg K2O per ha. It was also observed that turmeric yields 
increased as L. leucocephala spacing increased but L. leucocephala biomass 
production decreased. 
Borah and Langthasa (1994) conducted a 3 season trial in the hill zone 
of Assam to study the effect of nitrogen on growth and yield of turmeric. They 
applied 0, 30, 60, 90 and 120 kg N per ha as split application of urea and also 
the recommended rates of P and K. The results revealed that application of 90 
kg N per ha significantly increased the yield as compared to control. This 
treatment also resulted in the most tillers per plant, the greatest plant height and 
the highest benefit: cost ratio (3.77). 
In the hilly zone of Kamataka, Sheshagiri and Uthaiah (1994) studied 
the response of turmeric to the application of different levels of NPK on the 
growth and yield. They observed that growth parameters and rhizome yields 
were significantly influenced by fertilizer application. The best growth and 
yield was observed at NPK rate of 120:60:120 kg per ha. 
Shashidhar and Sulikeri (1996) observed the effect of different plant 
densities and N rates on vegetative growth, yield and yield attributing 
characters of turmeric in the transitional tract of Kamataka. Results showed 
that both plant density and N rates had a significant effect on vegetative 
characters, yield components, fresh rhizome yield and cured rhizome yield. Of 
the spacing treatments, medium spacing (45x22.5 cm) produced the highest 
fresh rhizome yield (22.03 t per ha) and cured rhizome yield (4.43 t per ha). 
With regard to nutritional treatment, they noted that among N rates, the highest 
rate (200 kg per ha) produced the highest fi-esh rhizome yield of 23.51 t per ha 
which was similar to that with 150 kg N per ha (23.15 t per ha). They also 
noted that cured rhizome yield was highest at 150 kg N per ha (4.23 t per ha). 
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Shashidhar and Sulikeri (1997) carried out another experiment and 
studied the effect of spacing and N levels on tissue composition, nutrient 
uptake and yield of turmeric. They found that the N, P and K contents of 
different plant parts were significantly influenced by spacing and N levels. 
Medium spacing (45x22.5 cm) with highest dose of N (200 kg per ha) recorded 
the highest N and K contents of plant parts. They further observed that P 
content was highest in the combination of closer spacing (45x15 cm) and 
highest N dose while the combination of medium spacing and highest N dose 
resulted in the highest fi-esh rhizome yields of 22.03 and 23.511 per ha. 
Selvaraj et al (1997) reported the effects of N (62.5, 93.75 and 125 kg 
per ha) and irrigation on the yield of turmeric. Irrigation was applied by two 
methods viz. surface irrigation at 0.9 IW/CPE ratio (irrigation water to net 
cumulative pan ratio) and drip irrigation at 40, 60 and 80% of surface 
irrigation. The highest rhizome yields (38.7 - 39.51 per ha) were obtained at the 
highest N rate and following drip irrigation at 40 and 80%. The water-use 
efficiency of crop was found to increase in drip irrigation treatments. 
In a field experiment in Andhra Pradesh, Gopalakrishna et al. (1997) 
studied the response of turmeric cv 'Armoor' to FYM and N fertilization. They 
applied 150, 200 and 250 kg N per ha with or without 5 or 10 t FYM per ha. 
They concluded that application of 250 kg N +5 t FYM per ha produced a yield 
of 33.81 per ha (with curing percentage of 23.2%) and the highest net return. 
Singh et al. (1998) carried out a field experiment in Nagaland with 3 
levels of K viz. 0, 40 and 80 kg K2O (equivalent to 0, 33.2 and 66.4 kg K, 
respectively) per ha and 4 levels of N viz. 0, 40, 80 and 120 kg N per ha to 
evaluate their effects on the yield, quality and uptake of N, P and K in turmeric 
cv 'Lakadong' during 1990. Results showed that application of 80 kg K2O per 
ha and 80 kg N per ha increased the productivity of turmeric with enhanced 
accumulation of N, P and K contents as well as curcumin contents in the 
rhizome. 
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Gupta et al (1998) conducted a field experiment for 3 years (1992-95) 
to study the effects of varying rates of N and K on growth and yield of 
turmeric cv. 'Shillong' under rainfed conditions in an acidic sandy loam soil at 
Indira Gandhi Agricultural University, Jagdalpur, Madhya Pradesh. The 
treatments consisted of 4 rates of N, viz. 0,40, 80 and 120 kg per ha and 3 rates 
of K viz. 0, 30 and 60 kg K2O (equivalent to 0, 24.9 and 49.8 kg K, 
respectively) per ha. P was applied at 60 kg per ha uniformly in all the 
treatments before planting. Results showed that application of N at 80 kg per ha 
gave the best results in terms of bunch length and fi-esh rhizome yield and they 
also found that N-application showed a significant positive influence on growth 
and yield parameters up to 80 kg N per ha. However, application of K 
increased the fi-esh rhizome yield and bunch weight significantly up to 60 kg 
K2O per ha. Regarding the combined effect of N and K, it was found that 120 
kg N + 60 kg K2O per ha and 80 kg N + 60 kg K2O per ha gave the highest 
fresh rhizome yields (17.26 and 16.81 tper ha, respectively). 
Venkatesh et al. (1998) carried out investigations at Gandhi Vigyan 
Kendra, Bangalore, to study the response of graded rates of NPK on growth, 
yield and quality of turmeric cultivars 'Co-l' and 'Bangalore local'. It was 
concluded that there was no significant variations between 'Co-l' and 
'Bangalore local' with regard to dry matter production and yield. Although the 
former cultivar showed significantly better growth attributes than the latter. 
With regard to quality, they found that 'Bangalore local' showed higher 
curcumin content (4.03%; 4.10%) than 'Co-l' (2.97; 3.09%) during both years. 
Plants provided with N: P2O5: K2O at 150: 125 (equivalent to 54.6 kg P): 250 
(equivalent to 207.5 kg K) kg per ha (T4) and 200: 175 (equivalent to 76.5 kg 
P): 300 (equivalent to 249 kg K) kg per ha (T5) gave similar results with higher 
growth and yields (36.70 and 35.3 t per ha in T4 and 35.26 and 34.37 t per ha in 
T5) and a higher cost-benefit ratio (1:2.58), compared with all the other 
treatments. However, interactions between the cultivars and NPK rates were 
non-significant. They concluded that, application of NPK at 150:125: 250 kg 
per ha (T4) was optimum for turmeric irrespective of the cultivar. 
21 
Meerabai et al. (2000) conducted a two-year field experiment on 
turmeric intercropped under partial shade of coconut gardens of Kerala along 
with balanced fertilization. They observed that turmeric responded to higher N 
and K fertilizer application rates than recommended for open field conditions. 
Application of 120 kg N and 120 kg K2O (equivalent to 99.6 kg K) per ha, 
together with 2 kg boron (B) per ha and 10 kg zinc (Zn) per ha, gave the 
maximum economic yield. 
Pal et al. (2000) studied the effect of N and K fertilizers on turmeric 
under sole and alley cropping system. They applied the fertilizer in the alley 
cropping of turmeric within 2 m distance from 5 years old established tree 
plantation {Lucaena leucocephala) and in sole crop of turmeric for successive 
two years (1986-87 and 1987-88). It was revealed that the turmeric yield was 
increased in sole cropping system by 28.4%, 27.4% and 69.88%, 33.08% in the 
treatment receiving 0 (control) and N120 K120, respectively than alley cropping 
system. They found that low yield of turmeric in the alley cropping system was 
mainly due to shading by trees. Regarding the nutrient content in the soil, it 
was found that with passage of time, N content increased due to N-fixation by 
Leucaena whereas P and K content decreased with passage of time. 
Dubey and Yadav (2001) conducted a study to determine the optimum 
nutrient requirements for improved turmeric cv. 'PCT-ll' yield in Arunachal 
Pradesh. The treatments comprised of following doses: three N rates (90, 110 
and 130 kg per ha) and two rates each of P viz. 90 and 110 kg P2O5 (equivalent 
to 39.3 and 48.1 kg P, respectively) per ha and K viz. 70 and 90 kg K2O 
(equivalent to 58.1 and 74.7 kg K, respectively) per ha. They recorded highest 
plant height in plots receiving 130 kg N + 90 kg P2O5 + 70 kg K2O per ha. 
However, the lowest plant height was recorded in plots receiving no fertilizers. 
Treatment with 130 kg N + 90 kg P2O5 + 90 kg K2O per ha recorded the 
highest tiller number per plant (6.20) which was not significantly different fi-om 
130kgN+ 110 kg P2O5 +90 kg K2O per ha (5.80 tillers per plant), 100kgN + 
90 kg P2O5 + 90 kg K2O per ha (5.60 tillers per plant) and 90 kg N + 90 kg 
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P2O5 + 70 kg K2O per ha (5.40 tillers per plant). However, lowest tiller number 
per plant (3.23) was recorded in Control. They also pointed out that finger 
diameter and length increased under all treatment combinations over the 
control. But, treatment with 130 kg N + 90 kg P2O5 + 70 kg K2O per ha 
resulted in the highest yield, finger diameter and length. 
Gill et al. (2001) conducted a field experiment on turmeric cv. 'PCT-8' 
at Ludhiana. The treatments comprised of three levels of N (60, 120 and 180 kg 
per ha) as main plot experiments and number of applications (N applied in 
equal splits of one, two, three, four and five) as subplot treatments. The results 
showed that 60 kg N per ha produced the maximum fresh rhizome yield. 
However, the value did not differ significantly fi-om that given by 120 and 180 
kg N per ha. Application of N in 3 equal splits produced the maximum fi-esh 
rhizome yield which was significantly superior to the application of whole N at 
planting and in 2 splits. It was also noted that N content in leaves and rhizome 
as well as the available soil nitrogen increased with the increase in N level and 
number of split application. 
Yamgar et al. (2001) carried out extended investigations for six 
consecutive years on turmeric cv. 'Krishna' at Maharashtra and studied the 
effect of different levels of NPK and split application of N. The treatment 
consisted of five levels of N:P:K (0:0:0, 120:60:60; 160:80:80, 200:100:100 
and 240:120:120 kg per ha) and 4 different levels of N split application (1'* 
application at 6 weeks after planting (WAP); 2"'' splits at 6 and 12 WAP; 3"* at 
6,12 and 18 WAP; 4* at 6, 12,18 and 24 WAP). The study showed that N:P:K 
at 200:100:100 kg per ha resulted in maximum plant height, number of leaves, 
leaf length, green rhizome yield. This N:P:K rate also resulted in the highest 
net return (Rs. 30,227 per ha) and benefit cost ratio (1.62). Regarding the split 
application of N, it was noted that it proved better as compared to one time 
application. N applied in 3 splits recorded the highest rhizome yield, maximum 
net returns and benefit cost ratio. 
23 
Thomas et al. (2002) conducted a nutritional trial on turmeric variety 
'Suvama' at the Horticulture Research Farm, Allahabad. They studied the 
effect of three levels of N (45, 60 and 75 kg per ha) and three levels of K (90, 
120 and 150 kg per ha) on growth, yield and potential of crop. The data from 
these trials revealed that application of NPK at the rate of 75:60:150 kg per ha 
proved optimum for growth and yield of turmeric under agro-climatic 
conditions of Allahabad. 
Manjunathgoud et al. (2002) carried out a field trial in 1997 at 
Bangalore, to study the effects of plant density and NPK fertilizer rates on 
grovs^, yield and quality of turmeric cv. 'Bangalore local'. The main 
treatments comprised of 30 x 15 cm (Si), 30 x 30 cm (S2) and 30 x 45 cm (S3) 
spacings. The subplot treatments comprised of 0:0:0 kg NPK per ha (Tj), 
50:25:150 kg NPK per ha (T2), 100:75:200 kg NPK per ha (T3), 150:125:250 
kg NPK per ha (T4), 200:175:300 kg NPK per ha (T5) and 250:200:300 kg NPK 
per ha (Te). The data revealed that treatment Si gave the maximum plant 
height, petiole length, fresh rhizome yield, cured yield and curing percentage. 
Treatment S3 gave the highest number of tillers and leaves per clump, leaf area 
and curcumin content. Treatment T4 gave the highest petiole length, fresh 
rhizome yield and cured yield. However, plant height, number of tillers per 
clump and leaf area were highest with T5 while T6 gave the highest number of 
leaves per clump and curcumin content. 
Medda and Hore (2003) observed the effects of N and K at 100, 150 
and 200 kg per ha each on performance of turmeric cv. 'Suguna' in Nadia, 
West Bengal. They applied K in equal splits one day before planting and at 90 
days after planting (DAP) while N was applied in equal splits one day before 
planting and at 45 days and 90 DAP. It was found that 200 kg per ha each of N 
and K resulted in greatest plant height, number of leaves, leaf length, yield per 
plot, weight of primary finger and yield per hectare. They further noted that 
combination of 150 kg N + 100 kg K per ha resulted in highest number of 
primary fingers per clump whereas the combination of 200 kg N + 100 kg K 
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resulted in highest number of secondary finger per clump. It was concluded 
that combination dose of 200 kg N + 200 kg K + 60 kg P2O5 (equivalent to 26.2 
kg P) per ha was optimum for enhancement of yield of turmeric in the alluvial 
plains of West Bengal. 
Attarde et al. (2003) conducted an experiment on 2 different cultivars of 
turmeric 'Krishna' and 'Selam' at Maharashtra. They studied the effect of 
different N levels viz. 0, 40, 80, 120 and 150 kg per ha on the growth and yield 
of two cultivars. They observed that Krishna recorded higher plant height, leaf 
area, weight of mother rhizomes, number, length and girth of fingers, fresh 
weight per plant and crop yield as compared to 'Selam'. They also observed 
that application of N at the rate of 120 kg per ha resulted in highest rhizome 
yield for the cultivar 'Krishna' whereas, mteraction of nitrogen x cultivar was 
significant only for fresh weight of fingers per plant. 
Tiwari et al. (2003) conducted an experiment during the rainy season at 
Jabalpur, to evaluate the effects of N fertilizer (0, 50, 100, 150 and 200 kg per 
ha) on the growth, biomass production and leaf essential oil yield of turmeric 
cv 'Roma'. They applied half dose of N as basal treatment, and the remaining 
half after one month of planting. A uniform dose of 100 kg P2O5 (equivalent to 
43.7 kg P) per ha was applied as basal treatment in all plots except for the 
control. Data were recorded for plant height, number of sprouts per plant, 
number of leaves per plant, fresh and dry rhizome weight per plant, rhizome 
length and girth, dry rhizome yield, days to maturity, dry herbage yield and 
essential oil yield, respectively. N at 150 kg per ha was identified as the 
optimum dose for these parameters. 
Haque et al. (2007b) carried out a field study at Hill Tracts Agricultural 
Research Station, Khagrachari, Bangladesh, to evaluate the response of 
turmeric to various levels of N and K. Data revealed that N and K both either in 
single or in combination had significant effect on yield contributing characters 
of turmeric. They also noticed that turmeric was more responsive to N and K. 
However, the combined effect of N and K increased the yield and other yield 
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parameters up to NigoKioo kg per ha and significantly differed over control 
(NQKO). The highest plant height, maximum leaves number per plant and 
number of fingers were recorded with NigoKioo-
2.6 Effect of triacontanol application on crops 
Rigorous search in the literature did not reveal any of the references on 
the effect of triacontanol on turmeric and ginger crops and therefore, the work 
done with regard to the effect of triacontanol on other crops is cited in the 
following pages. 
Vadiraj et al. (1993) studied the effect of biostimulants on the uptake of 
major and secondary nutrients by cardamom {Elettaria cardamomum) 
seedlings at Kerala. They planted seedlings with 3-4 leaves in polybags 
containing a 3:1:1 mixture of soil, sand and cow manure following the standard 
nursery practice. After few days, various biostimulants were applied at monthly 
sprays at 40-50 mL solution per seedling. Treatments consisted of (1) control 
(water spray) (2) Vipul (triacontanol) at 0.25, 0.50, 0.75 and 1.00% (3) 
Ergostim (N-ATCA + folic acid) at 0.01, 0.02, 0.03 and 0.04% (4) folic acid at 
0.4, 0.6, 0.8 and 1.00% (5) Simazine at 2,4 and 6 ppm and (6) 2,4-D at 3, 6 and 
9 ppm. After 120 days of growth measurements, the seedlings were uprooted 
and their dry weight (DW) and nutrient contents were determined. Results 
showed that the uptake of N, P, K, Ca and Mg was significantly increased by 
all the PGRs. The uptake was increased with increasing concentrations applied, 
except for the highest level of folic acid and the two highest levels of Simazine 
and 2,4-D which adversely affected the mineral uptake. It was concluded that 
the concentrations of all 5 nutrient elements were highest with folic acid 
treatment at 0.8 ppm. 
Muthuchelian et al. (1994) investigated the effects of triacontanol 
(TRIA) (1 ppm) sprays on '"'COa-fixation, ribulose-l,5-bisphosphate 
carboxylase (RuBP), nitrate reductase (NR) and photosystem (PS) activities in 
waterlogged Erythrina variegata under field conditions of Madurai (Tamil 
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Nadu). They reported that seedlings exposed to flooding for lOd showed a 
significant reduction in •'^ COi-fixation, and in NR, RuBP and PS-2 activities. 
However, the application of TRIA partially ameliorated the effect of flooding 
and promoted the above activities. The increase in the RuBP activity in TRIA-
treated seedlings under flooding correlated well with the changes in CO2-
fixation rate. 
Deotale et al. (1994) conducted the field trials at Nagpur, Maharashtra, 
to assess the impact of 0-50 ppm triacontanol on the performance of 
groundnuts cv. 'SB-IP. Results showed that pod yields increased with 
increasing triacontanol rates from 20 ppm. They also found that shelling 
percent, 100-seed weight and oil content also increased with increasing 
triacontanol levels. 
Sharma (1995) studied the response of triacontanol application on 
certain morphological characters, fruits, seed yield and quality of tomato seed 
at Horticultural Research Station, Kandaghat, Himachal Pradesh. Triacontanol 
(2.5, 5.0, 7.5 or 10.0 ppm, as Miraculan) was applied as a spray to tomato cv. 
'Solan Gola' plants 4, 8 or 12 weeks after transplanting. It was noted that 
triacontanol application increased height of plants, nimiber of branches per 
plant, number of fruits per plant, yield of fruits and seeds, 1000-seed weight 
and percentage germination values of seeds compared with untreated plants. It 
was concluded that triacontanol treatment (7.5 ppm) was the most effective in 
enhancing fruit and seed yields per ha and improving tomato-seed quality. 
Nagoshi and Kawashima (1995) conducted a field experiment to study 
the effect of foliar application of triacontanol on growth and yield of rice plants 
cv. 'Koshihikari'. They reported that root dry weight increased in triacontanol-
treated plants 2 weeks after application and the effects continued until maturity. 
Root weight: top weight (R/T) and root weight: leaf-area (RW/LA) ratios were 
higher than in untreated plots. Root respiration and total root-sugar content 
increased with triacontanol application. The rate of increase of hulled rice 
weight was also increased by triacontanol application at heading and in 3 splits 
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(tillering panicle formation and heading). The weight of hulled rice was 
positively correlated with R/T and RW/LA at heading and maturity 
respectively. It was concluded that triacontanol application increased root-
growth and enlarged the stomatal aperture as a result of increased root-water-
absorption capacity, which increased hulled rice weight by maintaining a high 
photosynthetic rate up to maturity. 
Chikkasubbanna et al. (1995) carried out a field trial in 1988-89 at 
Bangalore, Kamataka on fi-ench beans {Phaseoliis vulgaris) to study the effects 
of preharvest sprays of triacontanol (0.25-5.0 mL TRIA per litre at 3 weeks 
after seedling emergence) on the growth, yield and storage behaviour. Results 
from this study showed that pod yield was increased by triacontanol application 
of 4 ml per litre. 
Muthuchelian et al. (1995) studied the effect of triacontanol on growth, 
photosynthetic pigments and biomass productivity in flooded Erythrina 
variegata seedlings at Madurai (Tamil Nadu). They observed that seedlings of 
Erythrina variegata exposed to flooding for lOd showed significant reduction 
in height, growth rates (leaf-area per plant, leaf-area index, relative growth rate 
and specific leaf-mass), biomass, chlorophyll and carotenoid contents, and 
thylakoid membrane organization. Application of triacontanol partially 
compensated these effects and promoted height, biomass and chlorophyll 
content. Starch and sugar contents were also found significantly higher in 
leaves of TRIA-flooded seedlings. 
Kapitsimadi (1995) studied the effect of triacontanol on growth and 
yield of different horticultural crops. Triacontanol was applied as 3 foliar 
sprays to tomato cv. 'Dombo', Capsicum cv. 'Irini' and potato cv. 'Spunta' 
plants grown in hydroponic culture in the green-house and to sugarbeet cv. 
'Maribo', cotton cv. 'Zeta-2' and tobacco cv. 'Virginia' plants grown in the 
field. They observed that, triacontanol treatment increased cumulative yield of 
tomato and Capsicum by 24% and 50%, respectively as compared with 
controls. In sugarbeet, cotton and potatoes yields were increased by 22, 28 and 
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29%, respectively while in tobacco, the treatment increased number of leaves 
and leaf-dry weight by 11 and 24%, respectively. 
Nagoshi and Kawashima (1996) observed the effect of foliar application 
of triacontanol on growth and yield of rice plants under shading and low 
temperature condition. The shade was applied from heading to maturity. They 
found that foliar application of 10 ppb triacontanol to plants shaded (40%) or 
grown at 20.15°C increased 1000-grain weight compared with the untreated 
controls. 
Lai et al. (1997) conducted field experiments on a sandy loam soil at 
Bichpuri, Uttar Pradesh, to study the effects of irrigation and Mixtalol 
(triacontanol) sprays on yield, seed-quality and nutrient-uptake by coriander cv. 
'Pant Haritima'. Besides common pre-sowing irrigation to all the treatments, 
two irrigations applied pre-flowering and during seed-filling, produced higher 
seed and stover yields and improved the test-weight, protein and oil-contents of 
seeds and NPK uptake by seed and stover than no post-sowing irrigation or one 
irrigation at the 6 leaf or peak flowering stages. They also noted that spray with 
5 mg mixtalol per litre improved seed-quality and seed and stover-NPK uptake 
and gave higher seed and stover yields than controls sprayed with water or 
plants sprayed with 10 mg Mixtalol per litre. Two subsequent sprays of 
Mixtalol at the two- and four-leaf stages increased the test-weight and protein-
content of seeds, improved seed and stover yield and NPK uptake by seed and 
stover compared with only one spray at either of the stages. 
A field trial was carried out by Dudhe et al. (1997) at Nagpur, to 
observe the relative performance of lucerne meal and triacontanol (as Trinol-
CF and Jeevan) on some physiological parameters and yield of cabbage cv, 
'Pride of India'. They also applied the recommended rate of fertilizer (150 kg 
N + 50 kg P per ha) or a reduced rate (75 kg N + 25 kg P per ha) and studied 
the following parameters viz. number of leaves, leaf-area, relative water 
content, chlorophyll content, photosynthetic rate and dry matter production. 
Their effects on yield were correlated. The data from these trials revealed that 
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spraying of TRIA had greater effects on these parameters than band-application 
of lucerne meal. Cabbage yields were recorded highest with the higher rate of 
N and P and 2 sprays of Trinol-CF. 
Kumaravelu et al. (2000) performed the experiment at Pondicherry on 
greengram {Vigna radiata) cv. 'KM-2' to study the triacontanol induced 
changes in the growth photosynthetic pigments, cell metabolites, flowering and 
yield. They sprayed seedlings of greengram with different concentrations of 
triacontanol (0, 0.5, 1.0 and 2.0 mg per litre) at 15 and 25 days after sowing. It 
was found that foliar spray of 0.5 mg per litre triacontanol significantly 
promoted the plant height, fresh mass and contents of chlorophylls, 
saccharides, starch, soluble proteins, amino acids, phenols. They also found 
that triacontanol at 0.5 mg per litre stimulated the onset of flowering, pool 
production and retention whereas treatment with 2.0 mg per litre decreased 
numbers of pods and seeds per plant. 
Sumeriya et al (2000) carried out a field experiment at Jobner, 
Rajasthan, and observed the influence of P, triacontanol granules and growth 
promoters on quality and economics of mustard (Brassica juncea L.). The 
treatments comprised of 20, 40 or 60 kg P per ha, 15 or 30 kg triacontanol 
granules per ha applied to the soil and foliar sprays of multiplex (a mixture of 
trace elements and NAA), Mixtalol (a mixture of triacontanol) and long chain 
aliphatic alcohols or Vipul (triacontanol based). From the above study, they 
concluded that seed yield, N and P uptake, seed-N and-P contents, oil content 
and yield, and net returns increased with increasing P and triacontanol rates, 
and were greatest with Vipul, followed by Mixtalol and Multiplex. 
Muthuchelian et al. (2001) studied the cumulative effect of 0, 10, 100 
and 1000 \i mol per L of Cd^ ^ [Cd(N03)2x4H20] and 1 mg per kg (H2O) 
triacontanol (TRIA) spray on certain parameters of growth, pigments, starch, 
^^COi fixation, ribulose-l,5-bisphosphate carboxylase, nitrate reductase and 
photosynthesis in E. variegata seedlings. The data from above study revealed 
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that with increasing Cd^ ^ concentration in the nutrient solution, the monitored 
activities decreased. They also found that when the seedlings were 
subsequently sprayed with triacontanol, the cadmium effect was partially or 
completely reversed, indicating that TRIA can protect E. variegata from 
cadmium toxicity. 
Soureche et al. (2001) studied the effect of commercial triacontanol 
spray on nitrogen metabolism and other cell metabolites in blackgram {Vigna 
mungo (L.) Hepper) cv. 'T-9' at 20, 30 and 40 days after sowing (DAS). 
Fifteen day-old seedlings were grown in pots and sprayed with triacontanol at 
0.1, 0.5, 1.0 and 2.0% concentrations. The data revealed that the total 
chlorophyll and carotenoid contents were not significantly affected at 20 and 
30 DAS. However, both pigments at 40 DAS increased with 0.1 and 0.5% 
triacontanol. At all stages, the amount of reducing-sugar decreased in 
triacontanol-treated plants. The non-reducing sugar content increased in all 
triacontanol-treated plants, except at 20 DAS with 1.0 and 2.0% triacontanol. 
The total sugar and starch contents increased with lower triacontanol levels (0.1 
and 0.5%). At 30 DAS, the phenol content generally increased with 
triacontanol level whereas at 40 DAS, the phenol content of treated plants was 
comparable to that of the control. In leaves, the nitrate and nitrite concentration 
at 30 and 40 DAS decreased with 0.5% triacontanol. Nitrate reductase (NR) 
activity was suppressed by 2.0% triacontanol. Foliar protein and amino acid 
levels as well as number of nodules at all stages were significantly higher with 
0.5% triacontanol. Nitrate reductase (NR) activity was suppressed by 2.0% 
triacontanol. Foliar protein and amino acid levels as well as number of nodules 
at all stages were significantly higher with 0.5% triacontanol. The values of 
parameters were considerably reduced by 2.0% triacontanol. Nodule-nitrate 
and nitrite contents at 40 DAS decreased with 0.5% triacontanol. It was 
concluded that triacontanol reduced the NR activity in nodules. 
Liu et al. (2002) conducted a field experiment on potato cv. 'Jinshu' No. 
7 during 1999 and 2000 in Shanxi, China. They applied foliar spray of different 
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concentrations of triacontanol viz. 0.2xl0"^ 0.5xlO"^ 0.8x10"^  and l.OxlO'^ g 
per litre at flower bud appearance stage (FBAS) or flowering stage (FS). 
Results from this study showed that tuber yield, number of large tubers and 
starch content increased and the regression rate and disease incidence 
decreased as compared to foliar application of water (control). Application of 
triacontanol at flowering stage was more effective than at FBDS. It was 
concluded that when 0.8x10"^  g per litre triacontanol was sprayed at FS, the 
highest tuber yield, number of large tubers and starch content were obtained. 
Sharma et al. (2002) studied the effects of triacontanol (TRIA) and 
paclobutrazol (PP333) on the photosynthetic efficiency, carbohydrate 
metabolism and nutrient status of almond cv. 'Nonpareil' at Solan (H.P.). The 
treatment comprised of the spray of solutions of TRIA at 5 and 10 ppm and 
PP333 at 50 and 100 ppm on almond foliage while distilled water spray served 
as the control treatment. They found that plants treated with TRIA and PP333 
accumulated significantly higher chlorophyll content in their leaves over the 
control plants. TRIA application resulted in higher photosynthetic rate and 
translocation of assimilates and water. They also observed that treatment with 
10 ppm TRIA recorded higher total leaf-carbohydrates than other treatments. 
Similarly, PP 333 application also increased the carbohydrate level as well as 
foliar Ca and Mg over the control. Treatment with TRIA also increased the leaf 
macronutrient status, while treatment with PP333 reduced the leaf-N, P and K 
contents. 
Dhall et al. (2004) conducted a field experiment in Ropar, Punjab, 
during 2002-2003 to investigate the effect of Vipul (a commercial formulation 
of triacontanol) on the yield and yield attributing characters of tomato cv, 
'Yogi'. They sprayed plants with 0.1% Vipul at 0.25, 0.50 and 0.75 mL per 
litre of water at 6 stages in 35-days old nursery and 15, 30, 45, 60 and 75-days 
after transplanting. However, plants sprayed with water served as the control. 
Results from these study showed that the highest number of branches per plant 
(14.2), fhiits per plant (94.7) and early and total yields per plant (0.48 and 3.24 
kg respectively) were obtained with 0.75 mL Vipul per litre treatment. 
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Khan et al. (2006) conducted a pot experiment to study the effect of 
triacontanol on growth, yield and quality parameters of two varieties of tomato 
(Hyb-SC-3 and Hyb-Himalata). The treatments comprised of 0, 0.25, 0.5, 1.0 
and 2.0 ppm aqueous triacontanol. The results revealed that increasing levels of 
triacontanol upto 1.0 ppm enhanced most parameters including beta-carotene 
content, lycopene contents and fruit yield, particularly of Hyb-SC-3. 
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CHAPTER 3 
MATERIALS AND METHODS 
To achieve the aims and objectives highlighted in Chapter 1, six-pot 
experiments were conducted on two selected medicinally important spice 
plants. Experiments 1, 3 and 5 were conducted on local variety of ginger during 
2004-2007 and Experiments 2, 4 and 6 on local variety of turmeric during 
2004-2007. All the six experiments were conducted in a net house of the 
Department of Botany, Aligarh Muslun University, Aligarh. The details of the 
prevailing climatic conditions, soil analysis of the experimental pots and the 
techniques and procedures employed in this regard are given below. 
3.1 Agro-climatic conditions 
Aligarh is one of the seventy one districts of Uttar Pradesh (Northern 
India) with an area of 5,024 sq km. It is situated at 27.88° N latitude, 78.08'' E 
longitude and 187.45 m altitude. As far as the climate is concerned, it has semi-
arid and sub-tropical climate with hot dry summers and cold winters. The 
summer extends from April to June. In this season, a gradual increase in 
temperature is recorded, which attains maximum, sometimes up to 46°C in the 
month of June. The winter extends from the middle of October to the end of 
March. The mean temperature for winter is 19°C, the extreme minimum 
recorded for any single day is 0.5°C. The average annual rainfall is about 847.3 
mm. More than 85% of the rainfall occurs during June to September and 
remaining showers are received during winters, which is usefiil for winter 
crops. The relative humidity (RH) of the winter season ranges between 56% to 
77% with an average of 66.5%. In the summer, it ranges between 37% to 49% 
with an average of 43%. Whereas, in the monsoon season, the RH ranges 
between 63% to 73% with an average of 68%. The meteorological data were 
recorded during the investigation period at the Meteorological Observatory, 
Department of Physics, Aligarh Muslim University, Aligarh and are presented 
in Figs. 5-7. Aligarh district has the same soil composition and appearance as 
those found generally in the plains of Uttar Pradesh. Different types of soils, 
such as sandy, loamy, sandy-loam and clay-loam are found in the district. 
3.2 Soil analysis 
Soil samples collected from the homogeneous mixture of soil and 
farmyard manure (4:1) before filling the pots were analyzed for various 
physico-chemical properties in the Soil-Testing Laboratory, Government 
Agriculture Farm, Quarsi, Aligarh. The experiment-wise data for the soil 
analysis are given in Table 1. 
3.3 Filling of earthen pots 
Before planting the crop, earthen pots of equal size (25 cm diameter x 
25 cm height) were filled with the homogenous mixture of soil and farmyard 
manure at the rate of 5 kg per pot. These filled pots were arranged according to 
the simple randomized design in a net house, of the Department of Botany, 
Aligarh Muslim University, Aligarh. 
3.4 Planting of rhizomes 
Mother rhizomes of both ginger and turmeric, free from the visible 
nematode or fimgal infection were cut into seed pieces of a uniform size, each 
having a sound bud weighing 30-35 g. Before planting, the seed pieces were 
treated with hot water to kill nematodes if present and then surface sterilized 
with 95% ethyl alcohol. These treated rhizomes were then washed thoroughly 
with distilled water and sown in the earthen pots at the depth of about 10 cm. 
The pots were watered slightly after planting. 
3.5 Pot experiments 
Six pot experiments were conducted on ginger and turmeric. The details 
of experiments are given below. 
3.5.1 Experiment 1 
Experiment I was conducted on ginger according to the simple 
randomized design during 2004-2005. The aim of this experiment was to 
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investigate the optimum basal dose of N for the crop under the agro-climatic 
conditions of Aligarh on the basis of growth characteristics, biochemical 
parameters and yield attributes. Five basal levels of N were applied at the rate 
of 0 (Control), 18, 36, 54 and 72 mg per kg soil, i.e. 0 kg N per ha (No), N40, 
Ngo, N120 and N160, respectively. The conversion of mg (nutrient) per kg soil to 
kg (nutrient) per ha was done according to Gupta (2004). N was applied in 3 
splits at 45, 90 and 135 days after planting (DAP). A recommended uniform 
basal dose of P22K42 was also applied at the time of planting the crop 
(Handbook of Agriculture, 2002). The sources of N, P and K were urea, 
sodium dihydrogen orthophosphate and muriate of potash, respectively (Table 
2). Each treatment was replicated three times. The plants were kept free from 
weeds and irrigated as and when required. Standard cultural practices required 
for the crop were adopted. The crop was planted on 20* March, 2004 and 
harvested on IS*** November, 2004. 
3.5.2 Experiment 2 
Experiment 2 was conducted on turmeric according to the simple 
randomized design during 2004-2005. The aim of this experiment was to 
investigate the optimum basal dose of N for the crop under the agro-climatic 
conditions of Aligarh on the basis of growth characteristics, biochemical and 
quality parameters, and yield attributes. Five basal levels of N were applied at 
the rate of 0 (Control), 30, 60, 90 and 120 kg N per ha, i.e. No, N30, Ngo, N90 
and N120, respectively. N was applied in 3 splits at 45, 90 and 135 DAP. A 
recommended uniform basal dose of P13K50 was also applied at the time of 
planting the crop (Handbook of Agriculture, 2002) (Table 3). Each treatment 
was replicated three times. The cultural practices and sources and method of 
application of nutrients were the same as in Experiment 1. The crop was 
planted on 15* April, 2004 and harvested on 10* December, 2004. 
3.5.3 Experiments 
Experiment 3 was conducted on ginger according to the simple 
randomized design during 2005-2006. The aim of this experiment was to 
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Table 2. Summary of treatments for Experiment 1 (simple randomized 
design) 
Basal treatments Nitrogen (kg N per ha) 
No 0 
N40 40 
Ngo 80 
N120 120 
N160 160 
NB : A uniform basal dose of P22K42 was also applied. 
Tables. Summary of treatments for Experiment 2 (simple randomized 
design) 
Basal treatments Nitrogen (kg N per ha) 
No 0 
N30 30 
N60 60 
N90 90 
N,2o 120 
NB : A uniform basal dose of P13K50 was also applied. 
determine the optimum dose of P for the crop under the agro-climatic 
conditions of Aligarh on the basis of growth characteristics, biochemical 
parameters and yield attributes. Five basal levels of P were applied at the rate 
of 0 (Control), 10, 20, 30 and 40 kg P per ha, i.e. Po, Pio, P20, P30 and P40, 
respectively. A uniform basal dose of N120K42 was also applied (Table 4). Each 
treatment was replicated three times. The cultural practices and sources and 
method of application of nutrients were the same as in Experiment 1. The crop 
was planted on 20*^  March, 2005 and harvested on 15* November, 2005. 
3.5.4 Experiment 4 
Experiment 4 was conducted on turmeric according to the simple 
randomized design during 2005-2006. The aim of this experiment was to 
determine the optimum dose of P for the crop under the agro-climatic 
conditions of Aligarh on the basis of grow t^h characteristics, biochemical and 
quality parameters, and yield attributes. Five basal levels of P were applied at 
the rate of 0 (Control), 15, 30, 45 and 60 kg P per ha, i.e. PQ, P15, P30, P45 and 
P60, respectively. A uniform basal dose of N90K50 was also applied (Table 5). 
Each treatment was replicated three times. The cultural practices and sources 
and method of application of nutrients were the same as in Experiment 1. The 
crop was planted on 15* April, 2005 and harvested on 10* December, 2005. 
3.5.5 Experiment 5 
Experiment 5 was conducted on ginger according to the simple 
randomized design during 2006-2007. This pot experiment was laid down to 
investigate the effect of foliar spray of TRIA and to establish its optimum dose 
for the crop under the agro-climatic conditions of Aligarh on the basis of 
growth characteristics, biochemical parameters and yield attributes. Five 
concentrations of TRIA, viz. 0 M (Control), 10"^ °, 10"^\ 10'^ " and 10"^ ^ M, 
were sprayed six times on the foliage of the crop at the interval of 25 days 
starting at 60 DAP. The Control plants were sprayed with double distilled 
water (DDW). A uniform basal dose of N120P30K42, was applied to each pot 
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Table 4. Summary of treatments for Experiment 3 (simple randomized 
design) 
Basal treatments Phosphorus (kg P per ha) 
Po 0 
P,o 10 
P20 20 
P30 30 
P40 40 
NB : A uniform basal dose of N120K42 was also applied. 
Table 5 .Summary of treatments for Experiment 4 (simple randomized design) 
Basal treatments Phosphorus (kg P per ha) 
Po 0 
Pl5 15 
P30 30 
P45 45 
P60 60 
NB : A uniform basal dose of N90K50 was also applied. 
(Table 6). Each treatment was replicated three times. The cultural practices and 
sources and method of application of nutrients were the same as in Experiment 
1. The crop was planted on 20**' March, 2006 and harvested on IS''' November, 
2006. 
3.5.6 Experiment 6 
Experiment 6 was conducted on turmeric according to the simple 
randomized design during 2006-2007. This pot experiment was laid down to 
investigate the effect of foliar spray of TRIA and to establish its optimum dose 
for the crop under the agro-climatic conditions of Aligarh on the basis of 
growth characteristics, biochemical and quality parameters, and yield 
attributes. Five concentrations of TRIA, viz. 0 M (Control), 10''^ °, 10"^^ 10"^ " 
and 10"^ ^ M were sprayed six times on the foliage of the crop at the interval of 
25 days starting at 60 DAP. The Control plants were sprayed with DDW. A 
uniform basal dose of N90P45K50 was also applied to each pot (Table 7). Each 
treatment was replicated three times. The cultural practices and sources and 
method of application of nutrients were the same as in Experiment 1. The crop 
was planted on 15''' April, 2006 and harvested on 10* December, 2006. 
3.6 Sampling techniques 
Three plants for each treatment were sampled randomly at 120 and 180 
DAP to assess the growth characteristics and biochemical and quality 
parameters. Yield attributes were studied at harvest. The parameters recorded 
are listed below. 
3.6.1 Growth characteristics 
The following parameters were recorded. 
1. Plant height 
2. Number of leaves per plant 
3. Number of tillers per plant 
4. Leaf length 
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Table 6. Summary of treatments for Experiment 5 (simple randomized 
design) 
Uniform basal treatment Foliar treatments (M TRIA) 
(kg per ha) 
N120P30K42 0 
N120P30K42 10 
N120P30K42 10-'-' 
N120P30K42 10 
N120P30K42 10 
Table 7. Summary of treatments for Experiment 6 (simple randomized 
design) 
Uniform basal treatment Foliar treatments (M TRIA) 
(kg per ha) 
N90P45K50 0 
N90P45K50 10-^° 
N90P45K50 10-^-^ 
N90P45K50 10-'-° 
N90P45K50 lO"'-^ 
5. Leaf breadth 
6. Shoot fresh weight per plant 
7. Rhizome fresh weight per plant 
8. Shoot dry weight per plant 
9. Rhizome dry weight per plant 
3.6.2 Biochemical and quality parameters 
The following characteristics were recorded: 
1. Chlorophyll content 
2. Leaf NPK content 
3. Rhizome NPK content 
4. Rhizome carbohydrate content 
5. Rhizome-protein content 
6. Curcumin content 
The biochemical parameters (1-5 above) were studied in all experiments 
while the quality parameter (6 above) was studied in experiments on turmeric 
only. 
3.6.3 Yield attributes 
The following yield attributes were studied. 
1. Primary fingers per plant 
2. Secondary fingers per plant 
3. Rhizome yield per plant (Fresh rhizome) 
3.7 Determinations of various parameters 
3.7.1 Growth and yield characteristics 
After uprooting three plants for each treatment, washing with tap water 
was undertaken to wipe off all adhering foreign particles. The plants were 
soaked thereafter using blotting sheets. After this, plant height was measured. 
In the case of turmeric, the height of plant was measured from the base of the 
pseudostem to the point where the leaf sheaths clasp tightly. Thereafter, 
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number of leaves and tillers per plant, was counted and then leaf length and 
breadth were measured. Later, fresh weight of plant parts was recorded. Dry 
weight of rhizomes was recorded after drying them in a hot air oven at 60°C. 
The yield attributes including primary and secondary fingers per plant 
and fresh rhizome yield per plant were recorded at harvest (240 DAP). 
3.7.2 Biochemical and quality parameters 
3.7.2.1 Chlorophyll content 
Total chlorophyll in leaves was estimated by the method of Mac Kinney 
(1941). Fresh leaves (1 g) were homogenized in a mortar in the presence of a 
sufficient quantity of 80% acetone. The extract was filtered and supernatant 
was collected in a 100 mL volumetric flask. The process was repeated thrice 
with the residue and each time supernatant was collected in the same flask. 
Finally, the volume was made up to the mark with 80% acetone and the 
absorbance was recorded at 645 and 663 nm using a spectrophotometer 
(Spectronic 20D, Milton Roy, USA)* against the solvent (80% acetone) blank. 
The following formula was used to calculate the total chlorophyll present in the 
extract. 
V 
Total chlorophyll content (mg per g) = 20.2 (A645) + 8.02 (Aees) x 
W X 1000 
where, A = Absorbance at the specific wavelengths 
V = Final volume of the chlorophyll extract in 80% acetone 
W = Fresh weight of leaves 
3.7.2.2 Leaf and rhizome NPK content 
The leaves and rhizomes were dried in a hot-air oven at 60°C. These 
dried samples were powdered and passed through a 72-mesh screen. The 
powder was labeled and stored in small polythene bags for the analysis. 
This model was used in all spectrophotometric analysis of the present study 
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3.7.2.2.1 Digestion 
100 mg oven dried powder of leaves and rhizomes was transferred to 
a 50 mL Kjeldahl flask to which 2 mL sulphuric acid was added and was kept 
in a digestion assembly at 80°C for about 2 hrs to allow complete reduction of 
nitrates present in the plant material. Initially, dense white flimes were given 
off and then the content of the flask turned black. After cooling the flask for 
about 15 minutes, 0.5 mL of 30% hydrogen peroxide (H2O2) was added drop 
wise and the solution was heated again till its colour changed from black to 
light yellow. After heating for about 30 min, the flask was kept for cooling for 
10 min. To get the extracts clear and colourless, 3-4 drops of H2O2 were added 
followed by gentle heating for about 10 min. Care was taken while H2O2 was 
added because its excess amount might oxidize ammonia in the absence of 
organic matter. The peroxide digested material was diluted with DDW and 
finally the volume was made up to the mark (100 mL). Suitable aliquots, for 
determining N, P_and K, were taken from the sulphuric acid-peroxide digested 
sample. The details of methods employed for the analysis of these elements are 
given below. 
3.7.2.2.2 Nitrogen 
The N content of the sample was estimated according to the method 
of Lindner (1944). A 10 mL aliquot of the sulphuric acid peroxide digested 
material was taken in a 50 mL volumetric flask and the excess of acid was 
partially neutralized by the addition of 2 mL of 2.5 N sodium hydroxide 
(Appendix). To this 1 mL of 10 percent sodium silicate (Appendix) was added 
to prevent turbidity and finally, the volume was made up to the mark with 
DDW. After making up the volume, 5 ml aliquot of this solution was taken in a 
10 mL graduated test tube and 0.5 mL of Nessler's reagent (Appendix) was 
added drop by drop, shaking thoroughly after the addition of each drop. DDW 
was added to make the volume up to 10 mL and the contents were allowed to 
stand for 5 min for maximum colour development. The solution was then 
transferred to a spectrophotometric tube and the absorbance (OD) was read 
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using the spectrophotometer at 525 nm. A blank was also run with each set of 
determination. The reading of each sample was compared with the standard 
calibration curve to estimate the percent N content on dry weight basis. 
3.7.2.2.2.1 Standard curve for nitrogen 
50 mg ammonium sulphate was dissolved in IL DDW. From this 
stock solution, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 mL was pipetted 
out to 10 different test tubes. The solution in each test tube was diluted to 5 mL 
with DDW. In each test tube, 0.5 mL Nessler's reagent (Appendix) was added. 
After 5 min, the solution was transferred to a spectrophotometric tube and 
absorbance was recorded at 525 nm using the spectrophotometer. A blank was 
also run with each set of determination. A standard curve was plotted using 
different concentrations of ammonium sulphate solution versus OD of the 
solution. 
3.7.2.2.3 Phosphorus 
It was estimated according to the method of Fiske and Subba(Ro^ ^>^ 
(1925). A 5 mL aliquot was taken in a 10 mL graduated test tube. To it, 1 mL 
molybdic acid (Appendix) was added carefully, followed by the addition of 0.4 
mL of l-amino-2-naphthol-4-sulphonic acid (Appendix). When the colour 
turned to blue, the volume was made up to 10 mL with the addition of DDW. 
The solution was allowed to stand for 5 min after shaking thoroughly. It was 
then transferred to a spectrophotometric tube. The optical density was recorded 
at 620 nm using the spectrophotometer. A blank was also run for each set of 
determination. 
3.7.2.2.3.1 Standard curve for phosphorus 
0.35Ig monopotassium phosphate was dissolved in the sufficient 
volume of DDW to which 10 mL of 10 N sulphuric acid was added and the 
volume was made up to 1 litre with DDW. From this stock solution, 0.1, 0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8,0.9 and 1.0 mL was taken into 10 different test tubes 
and 1 mL molybdic acid and 0.4 mL of l-amino-2-naphthol-4-sulphonic acid 
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(Appendix) were added in each test tube and the volume was made up to the 
mark. After 5 min, OD was recorded at 620 nm using the spectrophotometer. A 
blank was also run with each set of determination. The standard curve was 
plotted using different concentrations of monopotassium phosphate versus OD 
of the solution. The percent phosphorus content was determined on the dry 
weight basis. 
3.7.2.2.4 Potassium 
It was estimated flame-photometrically (Hald, 1946). In the flame-
photometer, the solution (peroxide digested material) was discharged through 
an atomizer in the form of a fine mist into a chamber, where it was drawn in to 
a flame. By an optical system the light produced by the combustion of the 
elements in the solution was conducted through the appropriate filters to 
impinge upon a photoelectric cell that activated a galvanometer. 
The air was supplied through an air pump and liquid petroleum gas was 
used for combustion. The chimney of the equipment was removed and the gas 
was ignited using an electric lighter. The final pressure of the two gases was 
adjusted to 15 lb per inch. When the flame formed sharp blue cones, the correct 
filter was set and DDW was introduced (using a beaker) and the galvanometer 
was set to zero. Then the standard solution of the element was sucked through 
a capillary tube and the galvanometer was adjusted to the 100 position by using 
the amplifier. Unless the 0 and 100 points are maintained on successive 
readings, the gas pressure, air-pressure or both were adjusted to bring about a 
stable position. Thereafter, intermediate standards were run and a graph was 
prepared. The relationship between the galvanometer reading and the 
concentration did not appear in a straight line, rather it appeared in a 
curvilinear fashion. Lastly, the samples were run and the exact concentration of 
the element was determined using the graph. 
3.7.2.2.4.1 Standard curve for potassium 
1.91 g potassium chloride was dissolved in 100 mL of DDW. Of 
this solution 1 mL was diluted to 1 litre. The resulting potassium solution was 
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of 10 ppm. From this stock solution, 10 mL of each of 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 10 ppm potassium solution was prepared in ten vials separately, using 
DDW. The solution of each vial was analyzed separately, using the flame-
photometer. A blank was also run with each set of determination. A standard 
curve was prepared, using different dilutions of potassium chloride solution 
versus the readings on the scale of the galvanometer. The percent potassium 
content was estimated on dry weight basis. 
3.7.2.3 Rhizome carbohydrate content 
The carbohydrates were extracted from the samples by the method of 
Yih and Clark (1965) and estimated by adopting the procedure of Dubois et al. 
(1956). 100 mg of dried rhizome powder was transferred to a boiling tube 
containing 5 mL of 2.5 N HCL and hydrolysed by keeping it in a boilmg water 
bath for 3 hrs and the volume was made up to 100 mL with DDW. The sample 
was then centrifiiged at 4000 rpm for 10 min and supernatant was collected. 1 
mL of this extract was taken in a test tube to which 1 mL of 5% distilled phenol 
(Appendix) was added. The test tube was placed in chilled water and 5 mL of 
concentrated H2SO4 (96%) was added. The absorbance was read at 490 nm 
using the spectrophotometer. A blank was also run simultaneously with each 
set of determination. 
3.7.2.3.1 Standard curve for carbohydrate 
100 mg glucose was dissolved in 100 mL DDW. 10 mL of this stock 
was diluted with 100 mL DDW. From this stock solution 0.2, 0.4, 0.6, 0.8 
and 1 mL was taken into 5 different test tubes and 1 mL of 5% distilled 
phenol (Appendix) and 5 mL of concentrated H2SO4 (96%) were added to the 
each tube and the volume was made up to the mark. After 10 min, the solution 
was transferred to a spectrophotometric tube and OD was recorded at 490 nm. 
A blank was also run with each set of determination. A standard curve was 
plotted using different concentrations of glucose versus OD of the solution. The 
percent carbohydrate content was calculated on dry weight basis. 
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3.7.2.4 Rhizome protein content 
The protein content of rhizomes was estimated by the method of the 
Lowry et al. (1951). 50 mg of the oven dried rhizome powder was 
transferred to a mortar. 1 mL of cold 5% trichloroacetic acid was added to it. 
The powder was ground well and then transferred to a centrifuge tube with 
repeated washings and the final volume was made up to 5 mL with 
trichloroacetic acid. Complete precipitation of the proteins was allowed to 
take place by leaving the sample for about Ih. The samples were then 
centrifuged at 4,000 rpm for 15 min and the supernatant was discarded. 5 
mL of IN sodium hydroxide was added to the residue and mixed well by 
shaking. It was kept for 30 min on a water bath running at 60°C so as to 
dissolve the precipitated proteins completely. After cooling for 15 min, the 
mixture was centrifuged at 4,000 rpm for about 15 min and the supernatant 
containing the protein fraction together with three washings of IN NaOH 
was collected in 25 ml volumetric flask. The volume was made up to the 
mark with IN NaOH and used for the estimation of protein. 1 mL NaOH-
extract was transferred to 10 ml test tube and 5 ml of the reagent B 
(Appendix) was added to it. The solution was mixed well and allowed to 
stand at room temperature for 10 min. To it, O.^mL of Folin-phenol reagent 
(Appendix) was added rapidly with immediate mixing. The content started 
turning blue. It was left for 30 min for maximum colour development. The 
absorbance of this solution was read at 660 nm. A blank was run 
simultaneously with each sample. The rhizome protein content was 
calculated by comparing the OD of each sample with calibration curve. The 
rhizome protein content was expressed in terms of percentage on dry weight 
basis. 
3.7.2.4.1 Standard curve for protein 
50 mg bovine serum albumin was dissolved in 50 mL DDW, 10 mL of 
this solution was again diluted to 50 mL. Thus, 1 mL of this solution 
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contained 200 i^g of protein. From this solution, 0.2, 0.4, 0.6, 0.8 and 1.0 
mL was transferred to 5 test tubes separately. The solution of each test tube 
was diluted to 1 mL with DDW. To each test tube, 5 mL reagent B 
(Appendix) was added. The contents were allowed to stand for 10 min. To 
this, 0.5 mL of Folin-phenol reagent was added, mixed well and incubated at 
room temperature in the dark for 30 minutes. The absorbance of the blue 
colour solution was recorded at 660 nm using the spectrophotometer. A 
blank was also run with each set of determination 
3.7.2.5 Curcumin content 
The curcumin content of turmeric was estimated following the method 
of Sadasivam and Manickam (1996). Moisture free turmeric powder 0.2-0.5 g 
was dissolved in 250 mL of absolute ethanol. The contents were then refluxed 
in the flask fitted with an air condenser over a heating mantle for 3-5 hrs. The 
alcohol loss due to evaporation was compensated by adding alcohol freshly 
into the flask. The extract was cooled and decanted into a volumetric flask (250 
mL) and volume was made up to the mark. A suitable aliquot of 1-2 mL was 
taken out and then diluted to 10 mL with absolute alcohol. Finally, the intensity 
of yellow colour was measured at 425 nm using the specfrophotometer. The 
following formula was used to calculate the curcumin content. 
0.0025 XA425 X V X Fx 100 
Curcumin content (%) = 
0.42 X W X 1000 
where, A = Absorbance at the specific wavelength 
V = Volume made up 
F = Dilution factor 
W = Weight of the sample 
3.8 Statistical analysis 
The experimental data were statistically analyzed using the analysis of 
variance techniques according to Gomez and Gomez (1984). In applying the 
'F' test, the error due to replicates was also determined. When 'F' value was 
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found to be significant at the 5% level of probability, the least significant 
difference (LSD) was calculated. The model of analysis of variance (ANOVA) 
for each experiment is given in Table 8. The correlations of rhizome 
carbohydrate content, rhizome protein content, curcumin content and rhizome 
yield per plant were also determined with various parameters (Tables 51-62). 
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Table 8. Model of the "analysis of variance" (ANOVA) for Experiments 1-6 
Experiments 1-6 (Simple randomized design) 
Source of variation DF SS MSS F value 
Replications 2 
Treatments 4 
Error 8 
Total 14 
^Ej^erimentaC 
^suCts 
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CHAPTER 4 
EXPERIMENTAL RESULTS 
The important results of six experiments (Tables 9-50) are described 
briefly in this chapter. 
4.1 Experiment 1 
Experiment 1 was conducted to study the effect of different levels of 
basal nitrogen on various parameters of ginger. The nitrogen was applied at the 
rate of 0, 40, 80, 120 and 160 kg N per ha. The performance of crop was 
adjudged on the basis of growth characteristics, biochemical parameters, and 
yield attributes studied at different growth stages. Growth and biochemical 
parameters were analyzed at 120 and 180 DAP and yield attributes were 
studied at harvest (240 DAP). The effect of nitrogen application on all the 
characteristics was found to be significant at all the stages. The treatment N120 
proved optimum for most of the parameters studied. The details of the results 
are described below and summarized in Tables 9-15. 
4.1.1 Growth characteristics 
The growth characteristics, namely plant height, number of leaves per 
plant, number of tillers per plant, leaf length and breadth, shoot fresh weight, 
rhizome fresh weight, shoot dry weight and rhizome dry weight per plant 
studied at 120 and 180 DAP were found to be affected significantly by the 
nitrogen application. The salient features of data are given below (Tables 9-11). 
4.1.1.1 Plant height 
The perusal of data revealed that the effect of N120 equaled by that of 
N160 gave maximum value at 120 and 180 DAP. The percent increase in plant 
height resulted from the application of N120 over the Control was 40.8% and 
32.8% at 120 and 180 DAP, respectively. The Conttol (No) gave significantly 
lowest value at both stages (Table 9). 
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4.1.1.2 Number of leaves per plant 
Regarding the effect of nitrogen, it was noted that all nitrogen treatments 
increased production of leaves gradually over the Control (No). Application of 
N120 proved optimum at both stages of growth. Of the five levels of nitrogen, 
treatment N120 showed an increase of 52.7% and 39.5% over the Control at 120 
and 180 DAP, respectively (Table 9). 
4.1.1.3 Number of tillers per plant 
Application of N120 gave significantly maximum value for the number of 
tillers per plant at 120 and 180 DAP. Its effect was, however, at par with that of 
N160 at 120 DAP. The lowest value was given by the Control which was at par 
with that of N40 at 120 DAP. Treatment N,2o recorded 71.7% and 105.5% 
higher value for number of tillers per plant over the Control at 120 and 180 
DAP, respectively (Table 9). 
4.1.1.4 Leaf length 
Among the applied treatments of nitrogen, N120 proved optimum at 120 
and 180 DAP. Its effect was followed by that of N160 at both stages. The 
percent increase in leaf length given by the application of Nno was 52.0% and 
59.3% over the Control (No) at 120 and 180 DAP, respectively. The Control 
gave significantly lowest value (Table 10). 
4.1.1.5 Leaf breadth 
The effect of nitrogen was found significant on leaf breadth at both 
stages. Treatment N120 gave maximum value and its effect was, however, at par 
with that of N,6o at 120 and 180 DAP. Treatment N120 registered 47.5% and 
31.2% higher value than NQ at 120 and 180 DAP, respectively. The Control 
(No) showed poorest performance at both stages (Table 10). 
4.1.1.6 Shoot fresh weight per plant 
Out of five treatments of nitrogen, N120 proved optimum. The value 
recorded for Control (No) was lowest at both stages of crop growth. Treatment 
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Ni2o increased fresh matter by 75.0% and 56.7% over the Control at 120 and 
180 DAP, respectively (TablelO). 
4.1.1.7 Rhizome fresh weight per plant 
Treatment N120 proved superior to the other levels of nitrogen and gave 
maximum value for rhizome fresh weight per plant. Control gave poorest effect 
at both stages. The percent increase in rhizome fresh weight due to N120 
over the Confrol was 69.8% and 53.3% at 120 and 180 DAP, respectively 
(Table U). 
4.1.1.8 Shoot dry weight per plant 
Application of nitrogen significantly enhanced shoot dry weight over the 
Control (No). Of the five treatments, N120 proved optimum at both stages of 
sampling. Treatment N120 enhanced shoot dry weight per plant by 87.6% and 
68.1% over the Confrol at 120 and 180 DAP, respectively (Table 11). 
4.1.1.9 Rhizome dry weight per plant 
Treatment N120 registered maximum value for rhizome dry weight at 
120 and 180 DAP. Its effect was however, at par with that of N160 at 120 DAP 
and was followed by that of the same freatment (N160) at 180 DAP. The Confrol 
(No) gave poorest effect at both stages. The optimal freatment (N120) increased 
rhizome dry weight per plant by 81.3% and 62.2% over the Confrol at 120 and 
180 DAP, respectively (Table 11). 
4.1.2 Biochemical parameters 
Biochemical parameters, namely chlorophyll content, nifrogen, 
phosphorus and potassium content in leaves and rhizomes, carbohydrate 
content and protein content (in rhizome) studied at 120 and 180 DAP were 
affected significantly by nitrogen freatments. The results are summarized below 
(Tables 12-14). 
4.1.2.1 Chlorophyll content 
All nitrogen levels gave higher value for chlorophyll content than the 
Control (No). Maximum value was recorded for N120 at both stages. The 
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percent increase in chlorophyll content resulted from the application of Nno 
was 29.9% and 23.7% over No at 120 and 180 DAP, respectively 
(Table 12). 
4.1.2.2 Leaf nitrogen content 
A progressive increase in leaf nitrogen content was noted from Control 
to Ni2o that proved optimum at both stages. The value given by Nno was found 
critically different from rest of the nitrogen treatments at 120 and 180 DAP. 
Treatment N120 gave an increase of 18.2% and 16.5% over the Control (No) at 
120 and 180 DAP, respectively (Table 12). 
4.1.2.3 Leaf phosphorus content 
Of the five levels of nitrogen treatments, N120 proved superior and 
significantly gave maximum value for leaf phosphorus content at both stages of 
crop growth. An increase of 15.5% and 14.3% was observed in N120 level of 
nitrogen over N© at 120 and 180 DAP, respectively. The lowest value was 
recorded for Control at both stages (Table 12). 
4.1.2.4 Leaf potassium content 
Among the applied treatments of nitrogen, Nno proved optimum and 
gave maximum leaf potassium content over NQ. The percent increase in leaf 
potassium content resuhed from the application of treatment N120 was 8.9% and 
8.4% over the Control at 120 and 180 DAP, respectively. The minimum value 
was recorded for Control at both stages (Table 12). 
4.1.2.5 Rhizome nitrogen content 
Application of nitrogen significantly increased rhizome nitrogen 
content over the Control. Treatment N120 proved best and enhanced rhizome 
nitrogen content by 22.4% and 24.8% over the Control at 120 and 180 DAP, 
respectively. Control showed poorest performance at both stages (Table 13). 
4.1.2.6 Rhizome phosphorus content 
A progressive increase in the rhizome phosphorus content was noted by 
the application of nitrogen at both stages. Treatment N120 proved optimum and 
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enhanced rhizome phosphorus content by 12.5% and 16.9% over the Control at 
120 and 180 DAP, respectively. The value recorded for all treatments differed 
significantly from each other (Table 13). 
4.1.2.7 Rhizome potassium content 
Treatment N120 registered maximum value for rhizome potassium 
content at 120 and 180 DAP. However, its effect was followed by that of Njeo 
at 120 DAP and was equaled by that of the same treatment at 180 DAP. 
Control gave significantly poorest effect at each growth stage. Treatment N120 
enhanced rhizome potassium content by 7.4% and 9.6% over the Control at 120 
and 180 DAP, respectively (Table 13). 
4.1.2.8 Rhizome carbohydrate content 
Application of nitrogen on rhizome carbohydrate content was found 
effective over the Control at both stages of crop growth. Treatment N120 proved 
optimum, however, its effect was at par with that of N160 at 120 and 180 DAP. 
N120 significantly increased rhizome carbohydrate content by 15.3% and 13.6% 
respectively over the Control at 120 and 180 DAP (Table 14). 
4.1.2.9 Rhizome protein content 
Protein content was affected by nitrogen treatments significantly at both 
stages. Treatment N120 gave maximum effect and significantly increased 
rhizome protein content by 29.5% and 34.1% at 120 and 180 DAP, respectively 
over NQ. The lowest value was recorded for the Control (Table 14). 
4.1.3 Yield attributes 
All yield attributes studied at harvest (240 DAP), were found significant 
and the data are described below (Table 15). 
4.1.3.1 Primary Angers per plant 
Of the five nitrogen levels, N120 proved optimum and significantly 
increased primary fingers per plant by 81.8% over the Control. However, the 
effect of N220 was found at par with that of treatment N160 (Table 15). 
52 
00 
a 
cs 
o 
h U 
a 
"WD 
C M 
O 
09 
-** 
a a 
•«-> 
a 
o 
'S 
o 
U 
a 
-o 
a 
es 
- t i l 
2 
e 
-e 
n 
u 
s 
o 
.SJ ja 
u 
a 
o 
a 
« 
O 
li 
je II 
!i 
11 
• ^ 
o^ 
c 
o o 
2 
o 
N 
o 00 
ON 
»n 
^ 
\o 
fN 
r-^  
r~ OS 
t^ 
• * 
00 
00 
f—1 
'^ 
00 
(N 
m 
o 
o 
^ o^ 
C 
c 
o 
u 
ti 
13 
»^ 
X! 
O 
o 
s 
o 
N 
< 
Q 
o 
00 
s o 
rn od
00 
o ON 
ON 
00 
ON 0\ 
00 
O 
00 
o 
ON 
m 
00 o 
^ 
• ^ 
00 
o 
in 
'-' 
o 
St 
H 
c (U 
CJ) 
o i3 
z 
J3 
ll 
u 
a 2 
00 
^ 
q 
00 
00 
CO 
m 
o 
2 
in 
Q 
GO 
a 
a 
a 
& 
o 
a 
a 
9t 
U 
a 
U it 
C 
I 
e 
i I 
& 
a 
a 
e 
a 
u 
U) 
o k 
'S 0k 
oo 
iS o 
u "* 
>• <s 
u >-^  
"• ••* 
en > 
at C 
« ja 
^ -e c « 
o « 
U o 
60 
§ 
ex 
• > . 
u 
E 
o 
N 
cx 
w 
CiO 
c 
o 
u 
u 
ex 
l i (U 
&0 
a 
.§ 
C3 
&0 u 
O CL, 
M , 
r-; OS m en 
00 
vo 
d 
r<-i 
SO 
O 
00 OS 
m o d d 
rn 
en rn 
CO o d 
o 
z Q 
CO 
H 
4.1.3.2 Secondary fingers per plant 
The effect of nitrogen application on secondary fingers per plant was 
found significant over the Control. Treatment Nno proved optimum and its 
effect was followed by N160. The percent increase in secondary fingers per 
plant given by the application of Ni2owas 79.4% over the Control (Table 15). 
4.1.3.3 Rhizome yield per plant 
All nitrogen treatments showed positive response and increased the 
rhizome yield progressively over the Control (No)- Application of N120 proved 
optimum and differed significantly from the other nitrogen treatments. 
Treatment N^o enhanced rhizome yield by 44.1% over the Control (Table 15). 
4.2 Experiment 2 
Experiment 2 was conducted to study the effect of different levels of 
nitrogen on various parameters of turmeric {Curcuma longa L.). The nitrogen 
was applied at the rate of 0, 30, 60, 90 and 120 kg N per ha. The performance 
of crop was adjudged on the basis of growth characteristics, biochemical and 
quality parameters and yield attributes studied at different stages. Growth, 
biochemical and quality parameters were analyzed at 120 and 180 DAP and 
yield attributes were studied at harvest (240 DAP). The effect of nitrogen 
application on all the characteristics was found significant at all the stages, 
except number of tillers per plant at 120 DAP. The dose N90 proved optimum 
for most of the attributes studied, with its effect being at par with that of N120 at 
all stages. The details of the data are described below and summarized in 
Tables 16-22. 
4.2,1 Growth characteristics 
The growth characteristics, namely plant height, number of leaves per 
plant, number of tillers per plant (except at 120 DAP), leaf length and breadth, 
shoot fresh weight, rhizome fresh weight, shoot dry weight and rhizome dry 
weight per plant studied at 120 and 180 DAP, were found to be affected 
significantly by the basal application of nitrogen. The salient features of data 
are summarized below (Tables 16-18). 
53 
4.2.1.1 Plant height 
The perusal of data revealed that treatment N90 proved superior to the 
other levels of nitrogen and gave maximum plant height at both stages of crop 
growth. The percent increase in plant height resulted from the application of 
N90 over No was 39.5% and 44.4% at 120 and 180 DAP, respectively. The 
Control registered lowest value at both stages (Table 16). 
4.2.1.2 Number of leaves per plant 
Of the five levels of nitrogen, N90 gave maximum value for number of 
leaves per plant at 120 and 180 DAP. Treatment N90 improved the number of 
leaves by 66.7% and 40.1% at 120 and 180 DAP, respectively over the Control. 
The lowest value was recorded for the Control (Table 16). 
4.2.1.3 Number of tillers per plant 
The effect of nitrogen on number of tillers per plant was found 
significant only at 180 DAP. N90 gave 71.7% higher value in comparison to the 
Control at 180 DAP. The value given by N30 showed parity with that of Control 
(Table 16). 
4.2.1.4 Leaf length 
Application of nitrogen on leaf length was found effective over No at 
both stages. Treatment N90 gave significantly maximum value at 120 and 180 
DAP. Its effect was however, at par with that of N120 at 120 DAP and was 
followed by that of the same treatment (N120) at 180 DAP. An increase of 
20.9% and 21.2% was given by N90 over No at 120 and 180 DAP, respectively 
(Table 17) 
4.2.1.5 Leaf breadth 
Treatment N90 significantly enhanced leaf breadth by 11.0% and 9.3% 
at 120 and 180 DAP, respectively over NQ. The Control recorded minimum 
value at both stages (Table 17). 
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4.2.1.6 Shoot fresh weight per plant 
Regarding the effect of nitrogen, it was found that all nitrogen 
treatments increased fresh weight of shoot progressively over the Control (No) 
at both stages of crop growth. Treatment N90 registered maximum value and its 
effect was equaled by that of N120 at 120 DAP and was followed by that of the 
same treatment at 180 DAP. Treatment N90 significantly increased the fresh 
matter by 73.5% and 68.0%, respectively over the Control at 120 and 180 DAP 
(Table 17). 
4.2.1.7 Rhizome fresh weight per plant 
A progressive increase in the rhizome fresh weight per plant was noted 
from Confrol to N90 which proved optimum at both stages of growth. Treatment 
N90 enhanced rhizome fresh weight per plant by 42.1% and 32.9% over No at 
120 and 180 DAP, respectively. The Control showed poorest performance 
(Table 18). 
4.2.1.8 Shoot dry weight per plant 
The perusal of data revealed that the effect of N90 equaled by that of N120 
gave significantly maximum value at both stages of crop growth. The percent 
increase in shoot dry weight resulted by the application of N90 over No was 
78.8% and 61.1% at 120 and 180 DAP, respectively The Control registered 
lowest value at both stages (Table 18). 
4.2.1.9 Rhizome dry weight per plant 
The effect of nitrogen was found significant on rhizome dry weight per 
plant at 120 and 180 DAP over the Control. Treatment N90 gave significantly 
maximum value at each stage of crop growth. The optimal treatment increased 
rhizome dry weight per plant by 44.1% and 38.2% at 120 and 180 DAP, 
respectively over NQ. The lowest value was recorded for Control at both stages 
(Table 18). 
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4.2.2 Biochemical and quality parameters 
The biochemical and quality parameters, namely chlorophyll content, 
nitrogen, phosphorus and potassium content in leaves and rhizomes, 
carbohydrate, protein and curcumin contents (in rhizome) studied at 120 and 
180 DAP were affected significantly by basal nitrogen. These parameters are 
described briefly below (Tables 19-21). 
4.2.2.1 Chlorophyll content 
A progressive increase in the chlorophyll content was noted from 
Control (No) to N90 that proved optimum at both stages. Treatment N90 
enhanced the chlorophyll content by 27.1% and 21.9% at 120 and 180 DAP, 
respectively (Table 19). 
4.2.2.2 Leaf nitrogen content 
Nitrogen application affected leaf nitrogen content significantly at both 
stages. N90 level of nitrogen gave maximum leaf nitrogen content by 14.2% and 
12.7% over the Control (No) at 120 and 180 DAP, respectively. The Control 
showed poorest performance (Table 19). 
4.2.2.3 Leaf phosphorus content 
Treatment N90 surpassed the other treatments at 120 and 180 DAP and 
proved optimum. The percent increase in leaf phosphorus content given by N90 
over No was 13.7% and 9.4% at 120 and 180 DAP, respectively. The Control 
(No) gave lowest value at both stages (Table 19). 
4.2.2.4 Leaf potassium content 
Application of nitrogen on leaf potassium content was found effective 
over No at both stages. N90 level of nitrogen gave maximum effect and 
significantly increased the potassium content by 11.5% and 8.4%, respectively 
than that of Control at 120 and 180 DAP. Control registered lowest value 
(Table 19). 
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4.2.2.5 Rhizome nitrogen content 
A progressive increase in the rhizome nitrogen content was noted by the 
application of nitrogen at both stages of crop growth. Out of five levels 
treatment, N120 proved optimum and significantly increased rhizome nitrogen 
content by 27.9% and 30.4% at 120 and 180 DAP, respectively over the 
Control (Table 20). 
4.2.2.6 Rhizome phosphorus content 
Like rhizome nitrogen content, the maximum rhizome phosphorus 
content was noted in treatment N90 at both stages. N90 significantly increased 
potassium content by 21.9% and 22.8% at 120 and 180 DAP, respectively over 
NQ. The Control gave the least effect at both stages (Table 20). 
4.2.2.7 Rhizome potassium content 
Nitrogen treatments showed positive response to rhizome potassium 
content at both stages over the control. Treatment N90 significantly increased 
rhizome potassium content by 16.8% and 21.3% at 120.and 180 DAP, 
respectively over the Control. No gave minimum value at both stages 
(Table 20). 
4.2.2.8 Rhizome carbohydrate content 
Treatment N90 surpassed the other treatments and proved best. The 
lowest value was recorded for the Control (No). The percent increase in 
rhizome carbohydrate content resulted firom the application of N90 over the 
Control was 12.5% and 13.3% at 120 and 180 DAP, respectively (Table 21). 
4.2.2.9 Rhizome protein content 
A progressive increase in rhizome protein content was observed by the 
application of nitrogen. Treatment N90 recorded maximum value and 
significantly enhanced rhizome protein content by 17.3% and 21.7% over the 
Control (No) at 120 and 180 DAP, respectively. The Control showed the 
poorest performance (Table 21). 
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4.2.2.10 Curcumin content 
The application of nitrogen on curcumin content was found positive at 
both stages over the Control. Treatment N90 proved optimum and caused an 
increase of 33.5% and 27.2% at 120 and 180 DAP, respectively over the 
Control. The Control gave minimum value (Table 21). 
4.2.3 Yield attributes 
The plants supplied with nitrogen exhibited a considerable response to 
the yield attributes. The results are briefly described below, 
4.2.3.1 Primary fingers per plant 
Among the nitrogen levels, N90 proved best and significantly increased 
the primary fingers per plant by 67.5% over the Control. However, the effect of 
N90 was found at par with that of N120 and Ngo (Table 22). 
4.2.3.2 Secondary fingers per plant 
The effect of nitrogen on secondary fingers per plant was found 
significant over the control. Treatment N90 proved optimum and gave 74.0% 
higher secondary fingers per plant over the Control (Table 22). 
4.2.3.3 Rhizome yield per plant 
Rhizome yield was significantly affected by nitrogen levels and a 
progressive increase was observed up to N90 that proved optimum. Treatment 
N90 caused an increase of 39.6% over the Control. The lowest value was 
recorded for Control (Table 22). 
4.3 Experiment 3 
Experiment 3 was conducted to study the effect of different levels of 
phosphorus on various parameters of ginger. The phosphorus was applied at 
the rate of 0, 10, 20, 30 and 40 kg P per ha. The response of the crop to five 
levels of phosphorus was studied in terms of growth characteristics, 
biochemical parameters and yield attributes at different growth stages. Growth 
and biochemical parameters were analyzed at 120 and 180 DAP and yield 
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attributes were studied at harvest (240 DAP). The effect of phosphorus 
appUcation on ail parameters was found significant at all the stages, except 
number of tillers per plant and rhizome potassium content. The treatment P30 
proved optimum with its effect being at par with that of P40 for most of the 
characteristics studied. The salient features of data are described below and 
summarized in Tables 23-29. 
4.3.1 Growth characteristics 
The growth characteristics, including plant height, number of leaves per 
plant, length and breadth of leaves, shoot fresh weight, rhizome firesh weight, 
shoot dry weight and rhizome dry weight per plant studied at 120 and 180 
DAP, were found to be affected significantly by the basal application of 
phosphorus. However, number of tillers per plant was not affected by the 
phosphorus application. The details of data are briefly summarized below 
(Tables 23-25). 
4.3.1.1 Plant height 
Application of phosphorus on plant height was found effective over the 
Control at both stages. Treatment P30 proved optimum and significantly 
increased plant height by 31.6% and 24.3% over the Control (Po) at 120 and 
180 DAP, respectively (Table 23). 
4.3.1.2 Number of leaves per plant 
It is evident from Table 23 that, P30 gave maximum value for number of 
leaves per plant at each growth stage. Treatment P30 showed an increase of 
48.0% and 29.2% over the Control (PQ) at 120 and 180 DAP, respectively. The 
Control gave poorest performance at both stages. 
4.3.1.3 Number of tillers per plant 
The effect of phosphorus treatments on number of tillers per plant was 
found statistically non-significant at both stages (Table 23). 
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4.3.1.4 Leaf length 
Treatment P30 gave maximum value for leaf length at 120 and 180 DAP. 
The value noted for the Control (PQ) was significantly lowest at both stages of 
crop growth. The optimal treatment (P30) increased leaf length by 36.5% and 
39.4% over the Control at 120 and 180 DAP, respectively (Table 24). 
4.3.1.5 Leaf breadth 
Application of phosphorus increased leaf breadth over the Control at 
both stages. P30 level of phosphorus enhanced leaf breadth by 28.5% and 23.1% 
over the Control at 120 and 180 DAP, respectively. The value recorded for 
Control (PQ) was minimum at both stages (Table 24), 
4.3.1.6 Shoot fresh weight per plant 
The perusal of data revealed that the effect of treatment P30 gave 
maximum value for shoot fresh weight per plant over PQ at 120 and 180 DAP. 
The Control (PQ) gave poorest performance at both stages. The percent increase 
in shoot fresh weight per plant resulted from the application of treatment P30 
over the Control was 53.3% and 36.1%, respectively (Table 24). 
4.3.1.7 Rhizome fresh weight per plant 
Regarding the effect of phosphorus, it was found that all phosphorus 
treatments increased fresh weight of rhizome progressively over the Control 
(Po) at both stages of growth. Treatment P30 proved optimum and gave 41.1% 
and 36.3% higher value for rhizome fresh weight than the Control (PQ) at 120 
and 180 DAP, respectively (Table 25). 
4.3.1.8 Shoot dry weight per plant 
The effect of phosphorus was found positive on shoot dry weight per 
plant over PQ. Treatment P30 gave significantly maximum value and showed an 
increase of 74.1% and 40.8% over the Control (PQ) at 120 and 180 DAP, 
respectively. The lowest value was recorded for the Control at both stages 
(Table 25). 
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4.3.1.9 Rhizome dry weight per plant 
All phosphorus levels gave higher value for rhizome dry weight per 
plant in comparison to the Control. Treatment P30 proved optimum and 
significantly increased rhizome dry weight by 49.9% and 36.7% at 120 and 180 
DAP, respectively over PQ (Table 25). 
4.3.2 Biochemical parameters 
The effect of phosphorus application on all biochemical parameters was 
found significant at both stages of crop growth. However, rhizome potassium 
content was not affected by the phosphorus application. The details of the data 
are in the following pages (Tables 26-28). 
4.3.2.1 Chlorophyll content 
The chlorophyll content was significantly affected by the phosphorus 
application. Of the five levels of phosphorus, treatment P30 proved optimum at 
both stages. The percent increase in chlorophyll content given by P30 over Po 
was 26.0% and 20.5% at 120 and 180 DAP, respectively. The lowest value was 
recorded for Control (PQ) at both stages (Table 26). 
4.3.2.2 Leaf nitrogen content 
The response of phosphorus application was found positive on leaf 
nitrogen content m comparison to Control. Treatment P30 gave maximum value 
for this content at both stages. Its effect was however, at par with that of P40 at 
120 DAP and was followed by that of the same treatment at 180 DAP. 
Treatment P30 showed an increase of 16.3% and 15.0% over the Control (PQ) at 
120 and 180 DAP, respectively (Table 26). 
4.3.2.3 Leaf phosphorus content 
A progressive increase in leaf phosphorus content, was noted with 
increasing levels of phosphorus at both stages. Treatment P30 proved optimum 
and improved the leaf phosphorus content by 16.6% and 14.1% over the 
Control (Po) at 120 and 180 DAP, respectively (Table 26). 
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4.3.2.4 Leaf potassium content 
Like leaf nitrogen and phosphorus content, treatment P30 gave maximum 
value for leaf potassium content at 120 and 180 DAP. However, its effect was 
equaled by that of P40 and P20 at both stages. The Control (Po) gave minimum 
value. The percent increase in leaf potassium content by the application of P30 
over Po was 8.2% and 7.8% at 120 and 180 DAP, respectively (Table 26). 
4.3.2.5 Rhizome nitrogen content 
Among the applied treatments of phosphorus, P30 gave maximum value 
for rhizome nitrogen content at both stages. A significant increase of 20.9% 
and 17.2% was shown by treatment P30 exceeding the Control at 120 and 180 
DAP, respectively. The value noted for Control (PQ) was significantly lowest at 
both stages (Table 27). 
4.3.2.6 Rhizome phosphorus content 
All phosphorus levels gave higher value for rhizome phosphorus content 
in comparison with the Control. Treatment P30 proved optimum at both stages 
and increased rhizome phosphorus content by 13.9% and 23.5% over PQ at 120 
and 180 DAP, respectively (Table 27). 
4.3.2.7 Rhizome potassium content 
The effect of phosphorus treatments on this parameter was found non-
significant (Table 27). 
4.3.2.8 Rhizome carbohydrate content 
The application of P30 recorded maximum value for rhizome 
carbohydrate content. The lowest value was recorded for the Control (Po). 
Treatment P30 showed a significant increase of 14.6% and 12.6% over Po at 120 
and 180 DAP, respectively (Table 28). 
4.3.2.9 Rhizome protein content 
The effect of phosphorus application was found significant on rhizome 
protein content over Po. Treatment P30 surpassed the other treatments and 
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proved best. The lowest value was recorded in Control (Po). Treatment P30 
enhanced the protein content by 14.1% and 17.2% over the Po at 120 and 180 
DAP, respectively (Table 28). 
4.3.3 Yield attributes 
All yield attributes studied at harvest (240 DAP), were found significant 
and the data are briefly described below. 
4.3.3.1 Primary fingers per plant 
Among the five levels of phosphorus, P30 proved optimum and 
significantly increased primary fingers per plant by 76.7% over the Control. 
However, the effect of P30 was found at par with that of treatment P40 
(Table 29). 
4.3.3.2 Secondary fingers per plant 
The effect of phosphorus levels on secondary fingers per plant was 
found to be significant over the Control (Po). Treatment P30 proved optimum 
and gave 71.7% higher value than the Control. The lowest value was recorded 
for the Control (Table 29). 
4.3.3.3 Rhizome yield per plant 
A progressive increase in the rhizome yield was recorded by the 
application of phosphorus. Treatment P30 gave maximum value and showed an 
increase of 42.5% over the Control. The Control (Po) gave minimum rhizome 
yield (Table 29). 
4.4 Experiment 4 
Experiment 4 was conducted to study the effect of different levels of 
basal phosphorus on various parameters of turmeric. Phosphorus was applied at 
the rate of 0, 15, 30, 45 and 60 kg P per ha. The response of the crop to five 
levels of phosphorus was studied in terms of growth characteristics, 
biochemical and quality parameters and yield attributes at different growth 
stages. Growth, biochemical and quality parameters were analyzed at 120 and 
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180 DAP and yield attributes were studied at the time of harvest (240 DAP). 
The effect of phosphorus application on all parameters was found significant at 
all the stages, except number of tillers per plant, rhizome potassium content and 
primary fingers per plant. The treatment P45 proved optimum for most of the 
parameters studied with its effect being at par with that of P60 at each stage of 
crop growth. The salient features of data are described below and summarized 
in Tables 30-36. 
4.4.1 Growth characteristics 
Effect of basal application of phosphorus on all growth characteristics, 
namely plant height, number of leaves per plant, leaf length and breadth, shoot 
fi-esh weight, rhizome fi-esh weight, shoot dry weight and rhizome dry weight 
per plant was found significant at 120 and 180 DAP. However, number of 
tillers per plant was not affected by the phosphorus application at both stages. 
The data are sunmiarized below (Table 30-32). 
4.4.1.1 Plant height 
All phosphorus levels gave higher value for plant height in comparison 
with the Control (PQ). An increase of 37.5% and 32.9% was observed in P45 
level of phosphorus over Po at 120 and 180 DAP, respectively (Table 30). 
4.4.1.2 Number of leaves per plant 
Among the applied phosphorus levels, P45 proved optimum for number 
of leaves per plant. Treatment P45 showed an increase of 49.9% and 36.1% over 
Po at 120 and 180 DAP, respectively. The value noted for Control (PQ) was 
lowest at both stages (Table 30). 
4.4.1.3 Number oftillers per plant 
The effect of phosphorus levels on number oftillers per plant was found 
statistically non-significant at both growth stages (Table 30). 
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4.4.1.4 Leaf length 
A progressive increase in leaf length was noted with increasing levels of 
phosphorus. Treatment P45 significantly increased the leaf length by 16.7% and 
16.9% over the Control at 120 and 180 DAP, respectively. The Control (PQ) 
gave lowest value (Table 31). 
4.4.1.5 Leaf breadth 
Of the five levels of phosphorus, treatment P45 proved optimum for leaf 
breadth at both stages. The percent increase in leaf breadth resulted fi-om the 
application of P45 was 7.2% and 10.6% over the Control at 120 and 180 DAP, 
respectively (Table 31). 
4.4.1.6 Shoot fresh weight per plant 
Table 38 indicated that phosphorus treatments showed positive effect on 
shoot fresh weight per plant at 120 and 180 DAP. Treatment P45 significantly 
increased shoot fresh weight per plant over the Confrol by 46.3% and 49.1% at 
120 and 180 DAP, respectively. The Control showed poorest performance at 
both stages (Table 31). 
4.4.1.7 Rhizome fresh weight per plant 
Application of phosphorus on rhizome fresh weight per plant was found 
effective at both stages. Treatment P45 proved optimum and recorded 30.9% 
and 25.6% higher value for rhizome fresh weight per plant over the Confrol 
(Po) at 120 and 180 DAP, respectively. The lowest value was recorded for 
Control at both stages (Table 32). 
4.4.1.8 Shoot dry weight per plant 
All phosphorus levels gave higher value for shoot dry weight in 
comparison with the Control (PQ). Treatment P45 proved optimum and 
significantly enhanced shoot dry weight per plant by 60.5% and 51.9% 
exceeding the Control at 120 and 180 DAP, respectively. The Confrol 
registered lowest value at both stages (Table 32). 
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4.4.1.9 Rhizome dry weight per plant 
Rhizome dry weight per plant was found significantly affected by 
phosphorus levels at 120 and 180 DAP, respectively. A progressive increase 
was noted in P45 by 44.9% and 34.2% at both stages over the Control. FQ 
recorded minimum value at both stages (Table 32). 
4.4.2 Biochemical and quality parameters 
Application of phosphorus was found significant on all biochemical and 
quality parameters at 120 and 180 DAP. However, rhizome potassium content 
was not affected by the phosphorus application. The details of the data are in 
the following pages (Tables 33-35). 
4.4.2.1 Chlorophyll content 
All phosphorus levels gave higher value for chlorophyll content in 
comparison with the Control. Treatment P45 proved best and significantly 
increased the chlorophyll content by 23.7% and 19.9% at 120 and 180 DAP, 
respectively over PQ. The value recorded for the Control was lowest at both 
stages (Table 33). 
4.4.2.2 Leaf nitrogen content 
The leaf nitrogen content was significantly affected by the phosphorus 
application. Of the five levels, treatment P45 proved optimum and gave 13.0% 
and 11.0% higher values for leaf nitrogen content over the Control (PQ) at 
120 and 180 DAP, respectively. The Control showed poorest performance 
(Table 33). 
4.4.2.3 Leaf phosphorus content 
A progressive increase in leaf phosphorus content was noted with 
increasing levels of phosphorus at both stages. Treatment P45 significantly 
increased the leaf phosphorus content by 12.3% and 10.1% over the Control 
(Po) at 120 and 180 DAP, respectively (Table 33). 
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4.4.2.4 Leaf potassium content 
Like leaf nitrogen and phosphorus content, application of phosphorus 
on leaf potassium content was also found effective over the Control at 120 and 
180 DAP, respectively. Treatment P45 proved optimum, however, its effect was 
at par with that of P30 at 180 DAP. The percent increase in leaf potassium 
content resulted from the application of P45 was 9.6% and 6.5% over the 
Control at 120 and 180 DAP, respectively (Table 33). 
4.4.2.5 Rhizome nitrogen content 
All phosphorus levels showed positive response to rhizome nitrogen 
content at both stages of crop growth. Treatment P45 proved optimum and 
significantly increased the rhizome nitrogen content by 23.2% and 25.6% at 
120 and 180 DAP, respectively over the Control (PQ). The minimum value was 
recorded for Control (Table 34). 
4.4.2.6 Rhizome phosphorus content 
Of the five phosphorus levels, P45 proved superior and enhanced 
rhizome phosphorus content by 21.6% and 22.4% over the Control at 120 and 
180 DAP, respectively. The Control (PQ) gave significantly lowest value at both 
stages (Table 34). 
4.4.2.7 Rhizome potassium content 
The effect of phosphorus levels on rhizome potassium content was 
found statistically non-significant at both stages of crop growth (Table 34). 
4.4.2.8 Rhizome carbohydrate content 
Treatment P45 gave maximum value for rhizome carbohydrate content at 
120 and 180 DAP. However, its effect was equaled by that of Peo and P30 at 
both stages. Treatment P45 gave 8.5% and 10.4% higher value for rhizome 
carbohydrate content over PQ at 120 and 180 DAP, respectively. Control at 
both stages showed poorest effect (Table 35). 
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4.4.2.9 Rhizome protein content 
The effect of phosphorus application on rhizome protein content was 
found significant over ?o. Treatment P45 proved superior and significantly 
enhanced the rhizome protein content by 13.5% and 17.7% over the Control 
at 120 and 180 DAP, respectively. The Control gave poorest performance 
(Table 35). 
4.4.2.10 Curcumin content 
Application of phosphorus on curcumin content was found effective 
over the Control. Treatment P45 significantly increased curcumin content by 
21.2% and 19.8% at 120 and 180 DAP, respectively over the Control (PQ). The 
lowest value was recorded for Control (Table 35). 
4.4.3 Yield attributes 
The plants supplied with phosphorus exhibited a considerable response 
to most of the yield attributes. The results are briefly described below. 
4.4.3.1 Primary fingers per plant 
The effect of phosphorus on primary fingers per plant was found non-
significant (Table 36). 
4.4.3.2 Secondary fingers per plant 
The effect of phosphorus levels on secondary fingers per plant was 
found to be significant over the Control. Treatment P45 proved optimum and 
gave 51.9% higher value than the Control (Po). However, the effect of 
treatment P60 was found equal with that of treatment P45 (Table 36). 
4.4.3.3 Rhizome yield per plant 
Application of phosphorus significantly increased rhizome yield per 
plant over PQ. Treatment P45 recorded 34.4% higher value than Control (PQ). 
However, treatment Peo showed equal effect with that of treatment P45 .The 
minimum value was recorded for Control (Table 36). 
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4.5 Experiment 5 
Experiment 5 was conducted to study the effect of five levels of foliar 
spray of TRIA, viz. 0, lO"''", W^^ W^^, and 10'^^ M in terms of growth 
characteristics, biochemical parameters and yield attributes of ginger. Growth 
and biochemical parameters were analyzed at 120 and 180 DAP and yield 
attributes were studied at harvest (240 DAP). The effect of foliar application of 
TRIA on all the parameters was found significant at all the stages. The 
treatment TRIA 10"^ ^ M proved optimum for most of the attributes studied. 
The salient features of data are described below and summarized in Tables 
37-43. 
4.5.1 Growth characteristics 
The growth characteristics namely plant height, number of leaves per 
plant, number of tillers per plant, leaf length and breadth, shoot fresh weight, 
rhizome fresh weight, shoot dry weight and rhizome dry weight per plant 
studied at 120 and 180 DAP were found to be affected significantly by the 
foliar application of TRIA. A brief description of the data is given below 
(Tables 37-39). 
4.5.1.1 Plant height 
The perusal of data revealed that the effect of foliar spray of TRIA 
10*^ ^ M equaled with that of TRIA 10"^ ^ M gave maximum value at both 
stages. The Control (TRIA 0 M) at both stages gave lowest value. The percent 
increase in plant height resulted from the application of TRIA lO'^ ** M over the 
Control was 52.9% and 39.6% at 120 at 180 DAP, respectively (Table 37). 
4.5.1.2 Number of leaves per plant 
Among the applied treatments of TRIA, foliar spray of TRIA lO'^^M 
surpassed the other treatments and proved optimum for number of leaves per 
plant at both stages of crop growth. The value recorded for all treatments 
differed significantly from each other. An increase of 56.9% and 54.9% was 
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observed in TRIA 10"^*'M over the Control at 120 and 180 DAP, respectively 
(Table 37). 
4.5.1.3 Number of tillers per plant 
Application of TRIA significantly enhanced number of tillers per plant 
over the Control. Treatment TRIA IC*" M proved optimum at both stages. 
However, its effect was at par with that of TRIA 10'^ ^ M at 120 DAP. 
TRIA 10"^ *' M showed an increase of 133.5% and 78.2% over the Control at 
120 and 180 DAP, respectively (Table 37). 
4.5.1.4 Leaf length 
It is evident from Table 24 that application of TRIA 10"^°M gave higher 
value for leaf length at both stages of crop growth. This treatment increased 
leaf length by 53.9% and 63.3% over the Control at 120 and 180 DAP, 
respectively. The Control gave minimum value (Table 38). 
4.5.1.5 Leaf breadth 
Spray of TRIA 10"^ *^  M gave significantly maximum value for leaf 
breadth at 120 and 180 DAP. Its effect was followed by that of TRIA 10"^ ^ M 
at 120 DAP and was equaled by that of the same treatment at 180 DAP. TRIA 
at the rate of 10'^ '^ M concentration increased leaf breadth by 52.0% and 40.6% 
over the Control at 120 and 180 DAP, respectively. The lowest value was 
recorded for Control (Table 38). 
4.5.1.6 Shoot fresh weight per plant 
A significant increase in the shoot fresh weight per plant was noted from 
Control to TRIA lO'^ '^ M that proved optimum at both growth stages. Spray of 
TRIA 10'^°M showed an increase of 72.2% and 63.2% over the Control at 120 
and 180 DAP, respectively. The Control gave poorest performance at both 
stages (Table 38). 
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4.5.1.7 Rhizome fresh weight per plant 
Effect of foliar application of TRIA on rhizome fresh weight per plant 
was found statistically significant. TRIA 10'^ ^ M proved optimum at both 
stages, and gave maximum rhizome fresh weight per plant that was 72.6% and 
64.9% higher over the Control (TRIA 0 M) at 120 and 180 DAP, respectively. 
The Confrol gave minimum value (Table 39). 
4.5.1.8 Shoot dry weight per plant 
Foliar application of TRIA 10"^ '^  M proved optimum for shoot dry 
weight at both stages. The value given by this treatment (10"^" M) was found 
critically different from that of other freatments. Treatment TRIA 10" M 
registered 83.5% and 78.6% higher values than the Control at 120 and 180 
DAP, respectively. The Control showed poorest performance (Table 39). 
4.5.1.9 Rhizome dry weight per plant 
Application of TRIA significantly enhanced rhizome dry weight over 
the Control. Spray of TRIA 10'^ ° M proved optimum at both stages. Its effect 
was followed by that of TRIA 10'^ ^ M. The percent increase given by TRIA 
10"^ ^ M over the Control was 77.3% and 68.4% at 120 and 180 DAP, 
respectively (Table 39). 
4.5.2 Biochemical parameters 
Effect of foliar application of TRIA on all biochemical parameters was 
found to be significant at 120 and 180 DAP. The details of the data are given in 
following pages (Tables 40-42). 
4.5.2.1 Chlorophyll content 
Each treatment of TRIA gave higher value for chlorophyll content than 
the Control (TRIA 0 M). Treatment TRIA 10'^ ° M surpassed the other 
treatments and proved best. The maximum chlorophyll content was recorded in 
the treatment TRIA 10'^°M by 33.4% and 27.3% over the Control at 120 and 
180 DAP, respectively (Table 40). 
71 
a 
C8 
U 
V 
a 
'S 
•a 
s 
O 
.H 
Ji 
u 
•a 
s 
• * * 
'S 
•a 
O 
o 
Ji 
.2P 
ja 
u 
s 
o 
O ^ 
e A 
.S cs 
° : 
a, « 
2 « 
o 
" S 
a^  
6C 
H 
bO 
T3 
lU 
s 
o 
N 
bD 
M 
i-i 
u 
I 
o 
o 
C/3 
GO 
p 
o 
00 
o 
'^ 00 
ON 
(N 
o 
O 
vd 
00 
lO 
OS 
K oo' 
00 
0^ 
00 
vd 
00 
o 
o 
00 
< 
Q 
o 
OS CO 
OS 
OO 
' - ^ ^ fNj r: 5: -^  
t-H 
OS 
Tf 
m 
•^ 
vd t^ 
o 
OS 
00 
IT) 
OS 
so 
d 
o 
00 
2 ^ 
rs 
00 
m 
so 
o 
00 
c> 
o 
00 
m 
SO O 
so' 
o 00 OS 
SO 
fN 
in 
fn 
r^ d 
so 
00 00 
1 ^ 
o 
I 
H 
o 
v6 
H 
Q 
H-1 
Urn 
O 
en 
a 
9i 
• * ^ 
a O 
u S 
'vi 
o 
a. 
•o 
fi 
M 
tn 
S 
U 
o 
.fl 
a 
o 
X I 
a 
a 
o b 
- M 
*s (#N 
OS 
it 
#* 
• • * 
fi 
« <w B 
O 
u p ^ 
>. 
x: fi. p h 
§? 
5^ 
H 5 
s ^ '•^ M fl 
O A 
§ e. 
-w h 
B V 
?;« 
« ^ 
. cs 
*2 1"! 
«« a 
es A 
•M O 
22 
<« ts 
o « 
-^  h U 4> 
<« 60 
fe .s U 5i) 
o 
Z 
^ (U 
S 
o CJ 
S /—N 
. 2 NO 
1 
O 
rt 
« J 
* i 
C 
c o 
u 
CO 
§ -
^ ^ 
^ ^ CO 
O 
^ 
Cu 
CO 
u 
H-) 
• * - • 
C 
u 
c 
o u 
6 0 ^ 
1^ 
c 
C r:~^  
8 ^ 
2 S 
O w 
2 
TO H 
^ 4 
s^  CO 
f^ 
P^ 
PL, 
< 
G 
PH 
< 
Q 
0^ 
< Q 
OH 
< 
Q 
3 
IS 
u b 
o 
oo 
o 
CN 
'"^  
o 
00 
^ • 1 ^ 
o (N 
o 00 
»—H 
o 
o 
00 
Q (N 
O 
(N 
1—( 
(N 
OO 
(N 
o 
f<s 
ON 
CN 
CO 
O 
o 
OS 
ro 
i n 
rn 
00 
o 
"1 
rn 
m 
S r^ 
(N 
rS 
ON 
o 
d 
00 
•n 
OS 
<N 
00 
00 
oo d 
O 
d 
ON 
d 
p 
»—1 
<n 
p 
^ 
00 
p f—1 
00 
ON 
d 
oo 
o 
d 
«n 
m 
(N 
«n 
(N 
00 
ON 
<n 
O 
ON 
00 
o 
CN 
o 
d 
ON 
• < * 
00 
CN 
CN 
CN 
rn 
CN 
m' 
c-
CN 
p 
00 
m 
o 
m 
ON 
O 
ON o 
CN 
NO *n 
m NO 
CN ^ 
ON 
(N 
O 
d 
CN lO 
«n <n 
m NO 
c?\ 
en o 
00 
»n CN 
O 
^ 
*n 
<> 
H 
o 
vo 
H 
<n 
e3 
Q 
4.5.2.2 Leaf nitrogen content 
Foliar application of TRIA 10"^ *' M proved optimum for leaf nitrogen 
content at 120 and 180 DAP. The value given by this treatment (lO'^ '^ M) was 
found critically different from that of other treatments. Control gave the 
minimum value at both stages. Treatment TRIA lO"^ '" M recorded 21.8% 
and 18.4% higher values than the Control at 120 and 180 DAP, respectively 
(Table 40). 
4.5.2.3 Leaf phosphorus content 
Foliar application of TRIA 10"^ *^  M registered maximum value for leaf 
phosphorus content at both stages. Its effect was followed by that of TRIA 
10-^ ^ M. Treatment TRIA 10"^ ° M showed an increase of 18.3% and 20.2% 
over the Control at 120 and 180 DAP, respectively. The lowest value was 
recorded for Control at both stages (Table 40). 
4.5.2.4 Leaf potassium content 
Like leaf nitrogen and phosphorus contents, foliar spray of TRIA on leaf 
potassium content was also found effective over the Control at both stages. 
Treatment TRIA 10'^ *^  M proved optimum and significantly increased the leaf 
potassium content by 10.2% and 11.4% at 120 and 180 DAP, respectively over 
the Control (Table 40). 
4.5.2.5 Rhizome nitrogen content 
It is evident from Table 27 that spray of TRIA 10"^ ^ M gave 
significantly maximum value at- both stages. The value recorded for all 
treatments differed significantly from each other. The maximum increase was 
registered for TRIA 10'^ ° M that was 26.2% and 28.6% higher than the value 
for Control at 120 and 180 DAP, respectively. The minimum value was 
recorded for Control (Table 41). 
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4.5.2.6 Rhizome phosphorus content 
The maximum rhizome phosphorus content was recorded in treatment 
TRIA 10"^  °M. It was 21.2% and 28.5% higher than the value of Control at 120 
and 180 DAP, respectively. Its effect was followed by that of TRIA 10"*^  M 
at 120 and 180 DAP. The Control registered lowest value at both stages 
(Table 41). 
4.5.2.7 Rhizome potassium content 
The perusal of data revealed that the effect of TRIA 10"^ *^  M gave 
maximum value at both stages. Its effect was however, at par with that of 
TRIA 10"^ '^  M at 120 DAP and was followed by that of the same treatment at 
180 DAP. Treatment TRIA 10"^ ^ M registered an mcrease of 11.7% and 10.7% 
higher value for rhizome potassium content over the Control at 120 and 180 
DAP, respectively. The lowest value was recorded for the Control at both 
stages of crop growth (Table 41). 
4.5.2.8 Rhizome carbohydrate content 
The rhizome carbohydrate content was significantly affected by foliar 
application of TRIA. Of the five levels of triacontanol, treatment TRIA 10"^''M 
proved optimum at both stages. Its effect was, however, at par with that of 
TRIA 10'^ ^ M at 120 DAP and was followed by that of the same treatment 
(TRIA 10-^ ^ M) at 180 DAP. TRIA 10'^  ° M significantly increased rhizome 
carbohydrate content by 19.38% and 17.5% exceeding the Control at 120 and 
180 DAP, respectively (Table 42). 
4.5.2.9 Rhizome protein content 
A progressive increase in rhizome protein content was noted from 
Control to TRIA lO'^ ^M that proved optimum at both stages. The value given 
by TRIA 10'^ ° M was found significantly different from that of other 
treatments at both stages. Spray of TRIA 10"^ ^ M caused an increase of 29.3% 
and 33.7% over the Control (TRIA 0 M) at 120 and 180 DAP, respectively 
(Table 42). 
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4.5.3 Yield attributes 
All yield attributes studied at the time of harvest (240 DAP), were 
significantly affected by the triacontanol application and the data are briefly 
described below. 
4.5.3.1 Primary fingers per plant 
Of the five levels of triacontanol, TRIA 10"^ ^ M proved optimum and 
significantly increased primary fingers per plant by 97,3% than that of the 
Control. However, the effect of TRIA lO"^ ** M was found at par with that of 
TRIA 10"^ ^ M. The Control gave least value (Table 43). 
4.5.3.2 Secondary fingers per plant 
The effect of TRIA treatments on secondary fingers per plant was found 
to be significant compared to the Control. TRIA lO"*"M proved optimum and 
recorded 104.5% higher value than the Control. Its effect was followed by that 
of TRIA 10-^ ^ M. The Control gave minimum value (Table 43). 
4.5.3.3 Rhizome yield per plant 
Rhizome yield was significantly affected by TRIA treatments and a 
progressive increase was observed up to TRIA 10'^ ° M that proved optimum. 
TRIA 10"^°M registered 59.5% higher rhizome yield when compared with the 
Control. The lowest value was recorded for Control (Table 43). 
4.6 Experiment 6 
Experiment 6 was conducted to study the effect of five levels of foliar 
spray of TRIA, viz. 0, lO"^ ", 10"^ ^ lO"^ " and 10"^ ^ M on the basis of growth 
characteristics, biochemical and quality parameters and yield attributes of 
turmeric. Grovvlh, biochemical and quality parameters were analyzed at 120 
and 180 DAP and yield attributes were studied at harvest (240 DAP). The 
effect of foliar application of TRIA on all the characteristics was found 
significant at all the stages. The treatment TRIA 10"^°M proved optimum for 
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most of the parameters studied. The salient features of data are described below 
and summarized in Tables 44-50. 
4.6.1 Growth characteristics 
The growth characteristics namely plant height, number of leaves per 
plant, number of tillers per plant, leaf length and breadth, shoot fresh weight, 
rhizome fresh weight, shoot dry weight and rhizome dry weight per plant 
studied at 120 and 180 DAP were found to be affected significantly by the 
foliar application of TRIA. The details of data are summarized below (Tables 
44-46) 
4.6.1.1 Plant height 
Among applied treatments of TRIA, foliar spray of TRIA 10'^ ° M 
proved optimum for plant height at both stages of crop growth. Its effect was 
followed by that of TRIA lO^ ^^ M^ at 120 and 180 DAP. Spray of TRIA lO'^ ^M 
significantly increased plant height by 49.7% and 43.4% at 120 and 180 DAP, 
respectively over the Control. The minimum value was recorded for Control at 
both stages (Table 44). 
4.6.1.2 Number of leaves per plant 
A progressive increase in the number of leaves was noted by the 
application of TRIA IO'*^ ^M that proved optimum at each stage of crop growth. 
The value given by this treatment (10"^ ^ M) was found significantly different 
from that of other TRIA treatments at both stages. The lowest value was 
recorded for Control at 120 and 180 DAP, respectively. The percent increase in 
number of leaves per plant resulted from the application of TRIA 10"^ ° M 
was 87.5% and 65.2% over the Control at 120 and 180 DAP, respectively 
(Table 44). 
4.6.1.3 Number of tillers per plant 
Application of TRIA significantly enhanced number of tillers per plant 
over the Control. Treatment, TRIA 10"^ *' M proved optimum at both stages. 
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However, its effect was at par with that of TRIA 10"^ ^ M. The optimal 
treatment increased number of tillers per plant by 150.4% and 112.4% over the 
Control (TRIA 0 M) at 120 and 180 DAP, respectively. Control showed 
poorest effect at both stages (Table 44). 
4.6.1.4 Leaf length 
Foliar spray of TRIA 10'^°M gave significantly maximum value at both 
stages of sampling. The minimum value was recorded for Control (TRIA 0 M). 
An increase of 25.7% and 26.9% was given by TRIA 10" '^' M over the Control 
at 120 and 180 DAP, respectively (Table 45). 
4.6.1.5 Leaf breadth 
The application of TRIA 10"^ ° M registered maximum value for leaf 
breadth at 120 and 180 DAP. Its effect was followed by that of TRIA 10^ ^^  M 
at both stages. The value noted for Control was significantly lowest at each 
stage. Treatment TRIA 10*^ ° M recorded 43.2% and 38.4% higher value than 
the Control at 120 and 180 DAP, respectively (Table 45). 
4.6.1.6 Shoot fresh weight per plant 
Each treatment of TRIA gave higher value for shoot fresh weight over 
the Control (TRIA 0 M). TRIA 10"^ ° M surpassed the other treatments and 
proved best. The percent increase in shoot fresh weight resulted from the 
application of TRIA 10'^ ° M was 78.5% and 75.3% over the Control at 120 and 
180 DAP, respectively (Table 45). 
4.6.1.7 Rhizome fresh weight per plant 
All TRIA concentrations gave higher value for rhizome fresh weight per 
plant in comparison to the Control at both stages. The Control gave 
significantly lowest value at both stages. Among the TRIA treatments 10"^  " M 
TRIA proved optimum and significantly increased 55.9% and 42.5% at 120 
and 180 DAP, over the Control (Table 46). 
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4.6.1.8 Shoot dry weight per plant 
Foliar application of TRIA lO'^ ^M proved optimum for shoot dry weight 
per plant at both stages. Its effect was followed by that of TRIA 10^ ^^  M. The 
optimal treatment significantly enhanced shoot dry weight by 89.7% and 72.2% 
at 120 and 180 DAP, respectively over the Control. The minimum value was 
recorded for Control at both stages (Table 46). 
4.6.1.9 Rhizome dry weight per plant 
Application of TRIA on rhizome dry weight per plant was found effective 
over the Control at both stages. Foliar application of TRIA 10' M gave 
maximum effect and significantly increased rhizome dry weight by 67.0% and 
50.3%, respectively over the Control at 120 and 180 DAP. The Control showed 
poorest performance (Table 46). 
4.6.2 Biochemical and quality parameters 
Effect of foliar application of TRIA on all biochemical and quality 
parameters was found significant at 120 and 180 DAP. The details of the data 
are in the following pages (Table 47-49). 
4.6.2.1 Chlorophyll content 
Foliar application of TRIA 10"^  °M proved optimum for the chlorophyll 
content at both stages. The value given by TRIA 10"^ ° M was found 
significantly different from that of other treatments. The percent increase in 
chlorophyll content resulted from the application of TRIA lO'^^M was 29.1% 
and 26.2% over the Control (TRIA 0 M) at 120 and 180 DAP, respectively. 
The lowest value was recorded for Control (Table 47). 
4.6.2.2 Leaf nitrogen content 
Each treatment of TRIA gave higher value for leaf nitrogen content than 
the Control (TRIA 0 M). Maximum value was recorded for TRIA 10"^ ^ M at 
120 and 180 DAP and its effect was followed by TRIA 10'^ ^ M. Foliar 
application of TRIA lO"^ " M significantly increased the leaf nitrogen 
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content by 17.6% and 15.8% over the Control at 120 and 180 DAP, 
respectively (Table 47). 
4.6.2.3 Leaf phosphorus content 
The perusal of data revealed that spray of TRIA lO'^ ^M gave maximum 
value for leaf phosphorus content at both stages of crop growth. The Control 
(TRIA 0 M)) at both stages gave significantly lowest value. The percent 
increase in leaf phosphorus content resulted from the application of TRIA 10 
M was 21.3% and 20.9% over the Control at 120 and 180 DAP respectively 
(Table 47). 
4.6.2.4 Leaf potassium content 
Like leaf nitrogen and phosphorus content, foliar spray of TRIA levels 
on leaf potassium content was found effective over the Control at both stages. 
Treatment TRIA 10"^ ° M proved optimum and significantly enhanced the leaf 
potassium content by 14.1% and 12.0% at 120 and 180 DAP, respectively over 
the Control (TRIA 0 M). The minimum values were recorded for Control 
(Table 47). 
4.6.2.5 Rhizome nitrogen content 
A progressive increase in the rhizome nitrogen content was noted from 
Control to TRIA 10"^ ° M that proved optimum at both stages. Its effect was 
followed by that of TRL\ 10"^ ^M at 120 and 180 DAP. The value recorded for 
all treatments critically differed from each other. The optimal treatment gave an 
increase of 37.2% and 39.7% over the Control (TRIA 0 M) at 120 and 180 
DAP, respectively (Table 48). 
4.6.2.6 Rhizome phosphorus content 
Foliar application of TRIA lO'^ '^  M registered maximum value for 
rhizome phosphorus content at both stages. Its effect was followed by that of 
TRIA 10"^ ^ M at 120 and 180 DAP. The minimum value was recorded for 
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Control (TRIA 0 M). Treatment TRIA 10"^ ° M gave 35.5% and 36.4% higher 
values than the Control at 120 and 180 DAP, respectively (Table 48). 
4.6.2.7 Rhizome potassium content 
The effect of TRIA application on rhizome potassium content was found 
significant at both stages. Spray of TRIA 10'^'' M gave maximum value, 
however, its effect was at par with that of TRIA 10"^ ^ M at 120 DAP and was 
followed by that of the same treatment at 180 DAP. The percent increase in 
rhizome potassium content resulted from the application of TRIA 10' M over 
the Control was 28.8% and 31.0% at 120 and 180 DAP, respectively 
(Table 48). 
4.6.2.8 Rhizome carbohydrate content 
The perusal of data revealed that the effect of foliar spray of TRIA 
10"^ *' M equaled by that of TRIA 10"^ ^ M and gave maximum value at both 
stages. TRIA 10"^ ^ M significantly increased rhizome carbohydrate content 
by 17.5% and 16.0% over the Control (TRIA 0 M) at 120 and 180 DAP, 
respectively. The lowest value was recorded for Control at both stages 
(Table 49). 
4.6.2.9 Rhizome protein content 
A progressive increase in rhizome protein content was noted from 
Control to TRIA lO"^ *^  M that proved best at both stages. Its effect was 
followed by TRIA 10' ^ M. The maximum increase in rhizome protein content 
was noted in TRIA 10'^ ° M by 22.5% and 27.6% at 120 and 180 DAP, 
respectively over the Control (Table 49). 
4.6.2.10 Curcumin content 
Each freatment of TRIA gave higher value for curcumin content than the 
Control (TRIA 0 M). Maximum value was recorded for TRIA 10'^ ° M at 120 
and 180 DAP. The value given by all treatments significantly differed with 
each other at both stages. Foliar spray of TRIA 10'^" M significantly mcreased 
79 
u 
s 
u S 
o 
• * ^ 
a 
a o 
a 
a 
a 
o 
h S 
u 
•a 
B 
e 
e 
u a 
2 
>^ 
J5 
O 
£i 
u 
u 
u 
S 
o 
.a 
. 1 : 
B 
O 
0.5 
es B 
2 « 
B5 >> 
.s ^ 
£ 00 
IT ^^  
^ fl 
u « 
H 
c 
••-» 
c 
o 
u 
- •J 
8 
§ 
c 
c o o 
o 
S3 
u 
i 
o 
N 
< 
Q 
OH 
o 
00 
o 
o 
00 
00 
• ^ 
0 
<ri uS vO w-> 
(N 
fW 
00 
rn Tf 
00 
"^ ' 
0 
• ^ 
00 
o 00 
ON 
o 
o 
OH 
O 
00 
00 
vo ^ 
00 
w-i 
00 • ^ 
OS 
OS 
CO in 
0 S 
00 
0 
<N 
o 
00 
0 r^  
m 
00 
o\ 
en 
^ 
o 
the curcumin content by 51.4% and 49.5% over the Control at 120 and 180 
DAP, respectively (Table 49). 
4.6.3 Yield attributes 
The plants treated with foliar application of TRIA exhibited a 
considerable response to the yield attributes. The results are briefly described 
below. 
4.6.3.1 Primary Angers per plant 
Among the applied treatments of triacontanol, TRIA 10'^ ° M proved 
optimum and significantly increased primary fingers per plant by 63.8% over 
the Control. However, the effect of TRIA lO'^ ^M was found at par with that of 
TRIA 10-^  ^ M (Table 50). 
4.6.3.2 Secondary fingers per plant 
TRIA treatments significantly enhanced the secondary fingers per plant. 
Treatment TRIA 10'^ ° M proved optimum and recorded 77.1% higher value 
than the Control. The Control gave poorest value (Table 50). 
4.6.3.3 Rhizome yield per plant 
A progressive increase in the rhizome yield was noted by the foliar 
application of TRIA. Treatment TRIA 10"^ " M gave maximum value and its 
effect was followed by that of TRIA 10'^ ^ M. The lowest value was recorded 
for Control. TRIA 10"^°M significantly enhanced the rhizome yield by 48.7% 
over the Control (Table 50). 
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CHAPTER 5 
DISCUSSION 
Enhancement in crop production appears to be the best solution to meet 
the increased demand of food. Genetic and environmental conditions regulate 
primarily the growth and development of plants. Surprisingly, there are sixty-
plus factors that can limit crop production. If each condition moves perfect, the 
expected crop yield could be around three times or more than on an average 
currently obtained. Out of these sixty-plus factors, lack of moisture heads the 
list. The next important factor is the inadequacy of mineral nutrients in the soil. 
High agricultural yields depend strongly on fertilization with mineral nutrients. 
In fact, yields of most crop plants increase linearly with the amount of fertilizer 
that they absorb (Wallace and Wallace, 2003) 
It is common knowledge that absorption of nutrients continues 
throughout the life of plants. However, their nutrient requirements may 
increase with the development of sink. When plants grow old, the absorption 
process may become slow. It may be due to the weakening of the root system 
or unavailability of nutrients resulting from leaching, fixation and 
decomposition. Under such conditions, the ready availability of adequate 
quantities of nutrients, through supplemental top-dressing/foliar spray and/or 
their efficient absorption and utilization with the help of some stimulant, is 
highly desirable to ensure the realization of their genetic potential. 
Understandably, this has proved a highly successful technique for profitable 
cultivation of a number of crop plants, including medicinal plants. There is 
general agreement, that of all the nutrient amendments made to soils, N and P 
fertilizer application has had by far the most important effects in terms of 
increasing crop production. Numerous field experiments carried out in past 
have shown that for many soils, N and P are the most important growth 
limiting factors. They are considered to be of prime importance as they play 
several important roles in metabolic and regulatory processes in plants. 
Plant growth regulators are known to play a crucial role in controlling 
the way in which plants grow and develop. TRIA has been recognized as 
prominent chemical for plant growth promotion. It has been known to regulate 
many facets of plant life, including vegetative growth and differentiation, 
photosynthesis, nutrient uptake and enzymatic activity (Eriksen et al, 1981; 
Hashim and Lundergan, 1985; Ries, 1991; Warren et al., 1992; Muthuchelian 
et al, 1995, 2003; Kumaravelu, 2000; Sharma et al, 2002). There is a strong 
evidence that exogenous application of TRIA results in remarkable stimulation 
of the growth and /or yield of a number of plant species. In view of its role in 
growth and development of plants and very low concentrations involved (cost 
effectiveness), it seems logical to include TRIA in innovative farm practices 
(Ries e/a/., 1977; Eriksen etal, 1981). 
Knowledge of the physiological basis of the performance of a plant is 
helpful to assess its relationship with the environmental conditions, including 
nutritional inputs. In fact, on the basis of relevant growth and physiological 
parameters and yield-attributing characteristics, studied at various growth 
stages of a crop, one can determine the roles played by the nutritional inputs as 
well as stimulants, if applied. 
Keeping these points in view, six pot experiments were conducted on 
ginger and turmeric. The main aim was to test the realization of the yield 
potential of these crops through adequate, balanced and efficient utilization of 
nutritional inputs and foliar application of often tested and popular plant 
growth regulator such as TRIA. The performance of the crop was assessed in 
terms of growth, biochemical, quality and yield attributes. The results have 
been discussed in the light of the knowledge of the subject and research work 
carried out by other workers. 
5.1 Growth characteristics 
In Experiments 1 and 2, growth characteristics of ginger and turmeric, 
namely plant height, number of leaves, number of tillers per plant, leaf length 
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and breadth and shoot fresh weight, rhizome fresh weight, shoot dry weight and 
rhizome dry weight per plant, studied at various stages of growth were 
significantly affected by basal N application (Tables 9-11 and 16-18). The 
promoting effect of N on these growth parameters can be explained on the 
basis of the fact that N supply increases the number of meristematic cells and 
their growth leading to the formation of shoots (tillers) in addition to leaf 
expansion and number (Dwelle et ai, 1981; Kleinkopf e/ ai, 1981; Lawlor et 
ai, 1988, 1989; Grindlay, 1997). It also acts as a key component of a number 
of metabolites, including amino acids, chlorophylls, co-enzymes, enzymes, 
proteins, purines and pyrimidines (Salisbury and Ross, 1992; Lea and Gaudry, 
2001; Marschner, 2002). Furthermore, N application is known to increase 
levels of cytokinin, which affects cell wall extensibility (Wagner and Michael, 
1971; Salama and Wareing, 1979; Rayle et ai, 1982). It is, therefore, logical to 
speculate that N was involved directly or indirectly in the enlargement and 
division of new cells and production of tissues which in turn were responsible 
for increase in growth characteristics (Tables 9-11 and 1^-18). The beneficial 
effect of soil-applied N corroborates the findings of Muralidharan et al. (1974), 
Muralidharan and Ramakutty (1975), Lee and Asher (1981), Lee et al. (1981), 
Thakur and Sharma (1997) and Xu and Xu (1999) for ginger and Ahmed Shah 
and Muthuswamy (1981), Singh et al. (1988), Bala Shanmugam and 
Subramaniam (1991), Pal et al. (1993b), Borah and Langthasa (1994), Lai 
(1997), Singh et al. (1998), Yamgar et al. (2001) and Medda and Hore (2003) 
for turmeric. 
The observed positive effect to soil-applied P on the growth parameters 
of ginger and turmeric in Experiments 3 and 4 (Tables 23-25 and 30-32) may 
be ascribed to the roles of P in various physiological processes. It is 
indispensable for all forms of life because of its role in energy transfer via ATP 
(Samuel et al, 1993). Moreover, it plays an important role in various metabolic 
processes as it is an integral part of several compounds such as co-enzymes, 
nucleic acids, nucleotides, phospholipids, phosphoric acids and phosphorylated 
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sugars (Marschner, 2002). Additionally, P is involved practically in every 
synthetic reaction of cell (Hewitt, 1963). Among essential nutrients, P is often 
limiting due to low availability, therefore its supply by any means may improve 
directly or indirectly cell division, cell enlargement and tissue and organ 
formation, which in turn is responsible for the increase in growth and 
development as observed in Experiments 3 and 4, where its application to 
ginger and turmeric increased plant height, number of leaves, leaf length and 
breadth, shoot and rhizome fresh weight and dry weight per plant. The 
enhancement in values for growth attributes as a resuh of P application 
corroborates the findings of Saha (1989) on ginger and Dubey and Yadav 
(2001) on turmeric. Further, beneficial effect of P application on growth 
characteristics of other plants has also been reported by a number of workers, 
including Khan (1985), Yahiya (1993), Yahiya and SamiuUah (1995), Rana et 
al. (1998), Sheoran et al. (1999), Khan et al. (2000), Reddy and Swamy (2000), 
Khan and Samiullah (2002), Samiullah and Khan (2003), Naeem and Khan 
(2005), Siddiqui (2005) and Naeem (2007). 
In Experiments 5 and 6, the beneficial effect of foliar application of 
TRIA recorded on most of the growth characteristics of ginger (Tables 37-39) 
and turmeric (Tables 44-46) may be traced to its various roles in plants. Among 
its known roles, TRIA enhances cell division (Hangarter et al, 1978) carbon 
dioxide fixation (Houtz et al, 1985a, b; Popova et al, 1989; Srivastava and 
Sharma 1990; Misra and Srivastava, 1991; Shripathi et al, 1997), 
photosynthesis (Eriksen et al, 1981; Haugstad et al, 1983; Miniraj and 
Shanmugavelu, 1987; Oritani, 1993), enzymatic activity (Lesnaik et al, 1986, 
1989; Morre, 1990; Morre et al, 1991; Savithiry et al, 1992), membrane 
permeability (Ivanov and Angelov, 1997; Shripathy et al, 1997), soluble 
proteins and amino acids (Knowles and Ries, 1981; Ries and Wert, 1982; 
Muthuchelian et al, 2003) and nutrient uptake (Singletary and Foy, 1978; 
Ramani and Kannan, 1980; Mo and Hou, 1982). Moreover, thicker leaves 
resulting from the TRIA treatment would contain greater number of 
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photosynthetically active cells that cause the photosynthetic rate to rise and 
consequently leading to the higher dry matter production (Muthuchelian et al., 
2003). These resuhs broadly corroborates the findings of earlier workers 
including Shukla et al. (1992), Kapitsimadi et al. (1995), Nagoshi and 
Kawashima (1996), Kumaravelu et al. (2000) and Dhall et al. (2004) on 
various crops. 
5.2 Biochemical and quality parameters 
The reasons for the growth enhancing effect of soil-applied N in 
comparison with the control on chlorophyll content, leaf NPK content and 
rhizome NPK content of ginger in Experiment 1 (Tables 12 and 13) and 
turmeric in Experiment 2 (Tables 19 and 20) at both the growth stages are 
expected. N markedly promotes the formation of active photosynthetic 
pigments. The positive effect of N supply on the formation of chloroplasts 
during leaf growth has been reported by Kutik et al. (1995). In turn, the 
chloroplast formation leads to an increase in the lipid content of leaves and 
chloroplast constituents such as chlorophyll and carotene. The leaf and rhizome 
analyses in Experiments 1 and 2 showed enhanced NPK contents under N 
application (Tables 12, 13, 19 and 20). The easy availability of these essential 
nutrients from the soil-applied inorganic fertilizer and their unhindered 
distribution to the foliage might have resulted in the higher uptake of these 
nutrients. Similar improvement in the leaf and rhizome NPK content of ginger 
and turmeric due to N application has been reported by Pawar and Patil 
(1987), Pawar and Gavande (1992), Pal et al. (1993b), Thakur and Sharma 
(1997), Singh et al. (1998) and Majumdar et al. (2002). Furthermore, leaf NPK 
contents, declined with increase in age of the plants. This could be attributed to 
the well known "dilution with growth effect" (Marschner, 2002). In the present 
study, rhizome carbohydrate content was enhanced with the application of N 
both in ginger (Table 14) and turmeric (Table 21). The beneficial effect of this 
nutrient might be ascribed to its various roles mentioned earlier that could be 
responsible (directly or indirectly) for the higher values of this parameter. 
85 
Moreover, the interdependence of N supply and carbohydrate utilization can be 
understood in terms of the metabolic requirements of N assimilation (Noggle 
and Fritz, 1986). The effect of N application was also beneficial on rhizome 
protein content in Experiments 1 and 2 (Tables 14 and 21). This enhancing 
effect might be attributed to the direct role of N in protein formation (Taiz and 
Zieger, 2006). Further, the increase in the protein content may be ascribed to its 
favourable effect on the accumulation of NPK nutrients coupled with their 
cumulative effect on metabolism related to protein synthesis in rhizome. The 
results of the present study are also supported by correlation studies where 
rhizome protein content was found to be positively related to leaf and rhizome 
NPK contents at both stages of growth of these plants (Tables 51, 52, 53 
and 54). 
The quality of turmeric is often valued on the basis of colour intensity of 
rhizome which depends on the presence of curcumin in the rhizomes. Data 
presented in Table 21 (Experiment 2) indicates the favourable impact of N 
fertilization on quality of turmeric. The increase in curcumin content might be 
attributed to the pivotal roles played by nutrients in plants. Results of the 
present study are also supported by the findings of Rao and Swamy (1984), 
Singh et al. (1998) and Manjunathgoud et al. (2002). The correlation studies 
also reveal a positive and significant correlation between these nutrients and 
curcumin content (Tables 53 and 54), 
The improvement in chlorophyll content significantly at both the growth 
stages due to P application compared with the control in Experiment 3 (Table 
26) on ginger and Experiment 4 on turmeric (Table 33) is not far to seek. P is 
an integral part of many important compounds of plant cells, including sugar-
phosphates, intermediates of respiration and photosynthesis, and phospholipids 
that constitute the plant membranes (Devlin and Witham, 1986). It promotes 
regulation of ribulose 1,5-bisphosphate (Rao and Terry, 1989; Fredeen et al, 
1990), biosynthesis of ribulose 1,5-bisphosphate carboxylase and adenosine 
triphosphate (Dietz and Foyer, 1986) and assimilation of carbon dioxide 
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(Longstreth and Noble, 1980). These roles of P might be helpful directly or 
indirectly in enhancing the photosynthetic process in plants. A significant 
increase in chlorophyll content due to P application has also been observed by 
Thapar et al. (1990), Lopez-Cantarero et al. (1994), Shubhra et al. (2003, 
2004), Naeem and Khan (2005) and Naeem (2007) on plants other than ginger 
and turmeric. Application of P also enhanced leaf NPK and rhizome N and P 
contents in Experiment 3 and 4 (Tables 26, 27, 33 and 34). The reason for the 
beneficial effect of P application on the nutrient content in comparison with the 
control is obvious. As no P was applied to the control plants, they had to 
depend totally on the nutrient present in the soil. On the other hand, treated 
plants got an adequate supply of this nutrient, ensuring ready availability and 
continuous absorption by roots followed by smooth translocation to the foliage 
and satisfactory distribution throughout the rhizomes. These results agree with 
the findmgs of Akhtar (1985), Singh and Verma (2002), Tiwari et al. (2003), 
Jagadeeswaran (2005), Siddiqui, (2005), Naeem and Khan (2005) and Naeem 
(2007) on various plants including ginger and turmeric. In the present study, 
significant decrease in leaf NPK content was observed with the increase in age 
of plants. This decreasing trend might be ascribed to the exponential mcrease in 
growth (weight and volume) of plants as a result of which even higher 
quantities of nutrients appear to be less when expressed on per imit basis 
(Moorby and Besford, 1983). Similar declining trend in nutrient concentration 
with age has been studied by Gomide et al. (1969) and Rhykerd and Overdahl 
(1972). 
The enhancement in rhizome protein content due to basal application of 
P in Experiments 3 and 4 (Tables 28 and 35) over the respective control is 
understandable and may be ascribed to its assured availability and continuous 
utilization in carbon skeleton formation and amino acid synthesis as well as in 
the synthesis of energy rich molecules such as ATP. Moreover, the 
enhancement in leaf NPK content due to P application may increase protein 
synthesis during rhizome development. Favourable effect of P application on 
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seed protein content of various plants has earlier been reported by Gupta and 
Singh (1982), Jain et al. (1990), Patel et al. (1994), Naeem and Khan (2005) 
and Naeem (2007). The significant positive correlation of rhizome protein 
content with leaf and rhizome NPK contents at various stages of growth 
(Tables 55, 56, 57 and 58) further confirms the involvement of these nutrients 
in the synthesis of protein. 
The increase in curcumin content of turmeric rhizome due to P 
application over the control (Table 35) may be ascribed to its favourable effect 
on the accumulation of the nutrients (Tables 33 and 34) together with their 
roles directly or indirectly in the synthesis of curcumin. This finding 
corroborates the results of Rao and Swamy (1984). The significant positive 
correlation of curcumin content with these nutrients at the selected growth 
stages fiirther confirms their involvement m enhancement of curcumin content 
(Tables 57 and 58). 
A substantial increase in chlorophyll content due to foliar TRIA 
treatment over the control in Experiment 5 on ginger (Table 40) and 
Experiment 6 on turmeric (Table 47) is worth mentioning. The enhancing 
effect of TRIA may be attributed to its roles in various metabolic processes 
related to chlorophyll synthesis. These results are in accordance with the 
findings of Haugstad et al. (1983), Angelov et al. (1988), Kim et al. (1989), 
Srivastava and Sharma (1990), Misra and Srivastava (1991), Muthuchelian et 
al. (1990, 1995, 1996) and Chen et al. (2003) on crops other than the present 
ones. The observed positive effect of foliar application of TRIA on leaf and 
rhizome NPK contents of ginger and turmeric over the control in Experiments 
5 and 6 (Tables 40, 41, 47 and 48) is in agreement with the general view of 
plant growth regulator's action in plants, considering the cell membranes as 
initial site in the signal transduction pathway (Trewavas and Gilory, 1991). 
TRIA mediated activation of a number of membrane bound enzymes further 
supports this assumption (Ries and Houtz, 1983; Lesnaik et al., 1986, 1989; 
Morre, 1990; Savithiry et al, 1992). Stimulation of these enzymes are 
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responsible for dephosphorylation of L (+) forms of AMP, ADP, and ATP 
resulting in formation of 9-P-L(+) adenosine thus triggering a cascade of events 
leading to rapid physiological response of plants to TRIA (Ries, 1991; Ries 
and Wert, 1988; Ries et a/., 1990). 
Like leaf and rhizome NPK, carbohydrate and protein content of 
rhizome was also significantly enhanced by the foliar spray of TRIA in 
Experiments 5 and 6 (Tables 42 and 49). The ameliorative effect of foliar 
application of TRIA on protein and carbohydrate content of rhizome could be 
attributed to its roles in CO2 fixation, reducing sugar, starch, soluble protein 
and free amino acid metabolism (Ries, 1985, 1991; Kim et al., 1989 and 
Shripathi, 1996). The significant positive correlation of carbohydrate and 
protein content of rhizome with leaf and rhizome NPK content at various stages 
of growth further confirms the involvement of nutrients in the synthesis of 
protein and carbohydrate (Tables 59, 60, 61 and 62). 
The enhancement in curcumin content of turmeric due to foliar TRIA 
treatment over the control in Experiment 6 (Table 49) is a valuable observation. 
This ameliorative effect could be assigned to its roles in increasing the 
absorption of nutrients Tables 47 and 48) on one hand and improvement in the 
enzymatic activities on the other (Ries, 1991). The resulted higher level of 
nutrients may be helpful in increasing the curcumin content. This is further 
confirmed by correlation studies wherein leaf and rhizome NPK content was 
significantly and positively related to curcumin content (Tables 61 and 62). 
5.3 Yield attributes 
The increase in number of primary and secondary fingers of rhizome per 
plant resulting from N application in Experiment 1 on ginger and Experiment 2 
on turmeric (Tables 15 and 22) may be ascribed to its roles in growth in general 
and tissue differentiation in particular (Marschner, 2002). Moreover, as 
revealed by the data of leaf analysis, the absorption of nutrients increased in 
treated plants presumably due to their ready availability fi-om the soil. The 
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better nutrient status resulted in increased assimilation and translocation of 
photosynthates that might have manifested in the improvement of growth and 
yield attributes leading to a greater rhizome yield in treated plants. These 
results are in agreement with the findings of Sadanandan and Sasidharan 
(1979), Singh and Neopaney (1993), Gowda et al. (1999) and Xu and Xu 
(1999) on ginger and Rajput et al. (1982), Singh et al (1988), Govind et al. 
(1990), Medhl and Borah (1993), Tiwari et al. (2003) and Medda and Hore 
(2003) on turmeric. This proposition is further confirmed by correlation 
studies, wherein various growth, biochemical and yield attributes were 
positively correlated with rhizome yield (Tables 51-54). 
The enhancement in values for yield attributes in Experiment 3 on 
ginger and Experiment 4 on turmeric (Tables 29 and 36) due to P fertilization is 
not surprising. P plays pivotal role in root development, energy translocation 
and other metabolic processes that result in increased translocation of 
photosynthates towards the sink. Moreover, the significant increase in rhizome 
yield of the treated plants may be due to the cumulative manifestation of the 
beneficial effect of P application on growth, nutrient status and yield attributes. 
Furthermore, the optimum supply of P in the early stage of plant growth is 
expected to cause rapid cell division and cell elongation in the meristematic 
regions, leading to proper development of rhizome. These results are broadly in 
accordance with the findings of Govind et al. (1990), Singh and Neopaney 
(1993), Thakur and Sharma (1997), Venkatesh and Khan (1997) and Yamgar et 
al. (2001). 
The beneficial effect of foliar application of TRIA on primary and 
secondary fingers per plant and rhizome yield may be traced to its roles. TRIA 
improves uptake of nutrients, photosynthesis and translocation of 
photosynthates and other metabolites to the reproductive parts (Miniraj and 
Shanmugavelu, 1987) leading to the production of higher number of rhizomes 
and ultimately an increase in the yield of rhizomes per plant (Tables 43 and 
50). These results are in agreement with the findings of Miniraj and 
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Shanmugavelu (1987), Dudhe et a/. (1997), Kumaravelu et al (2000) and 
Dhall et al. (2004) on plants other than ginger and turmeric. This proposition is 
further supported by correlation studies wherein most of the attributes studied 
at various growth stages were recorded to be significantly and positively 
related to rhizome yield (Tables 59-62). 
5.4 Conclusion 
The meticulous information gathered by the author and presented in this 
thesis is hereby claimed to be an original contribution in the field of cultivation 
in the following respects: 
1. The optimum basal dose of N for ginger (N^o) in the presence of a 
uniform recommended basal dose of P and K (P22K42) has been 
determined under the agro-climatic conditions of Western Uttar Pradesh. 
The optimum basal dose of N for turmeric (N90) in the presence of a 
uniform recommended basal dose of P and K (P13K50) has been 
determined under the agro-climatic conditions of Western Uttar Pradesh. 
2. The optimum basal dose of P for ginger (P30) in the presence of a uniform 
basal dose of N emanated from the data of Experiment 1 and the 
recommended dose of K (N120K42) has been obtained under the agro-
climatic conditions of Western Uttar Pradesh. 
The optimum basal dose of P for turmeric (P45) in the presence of a 
uniform recommended basal dose of N substantiated from the data of 
Experiment 2 and the recommended dose of K (N90K50) has been obtained 
under the agro-climatic conditions of Western Uttar Pradesh. 
3. The effect of foliar application of triacontanol on ginger and turmeric has 
been studied for the first time. 
4. The optimum foliar dose of TRIA (10'^  ° M) in the presence of a uniform 
basal dose of N and P, i.e. Nj2oP3o(K42) for ginger and N9oP45(K5o) for 
turmeric emanating from the data of Experiments 1-4, has been obtained 
under the agro-climatic conditions of Western Uttar Pradesh. 
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5. The correlation study between various pairs of parameters has also been 
made. 
6. Plausible explanations, based mainly on physiological considerations, 
have been given at appropriate places in the above discussion regarding 
the entire data collected on the two crops by the author throughout the 
span of the present study. 
In the end, the present author wishes to claim with all the modesty at her 
command that she has been able to enrich the scientific literature on these two 
medicinal plants by contributing the above new findings. 
5.5 Proposals for future work 
Basal application of N and P (N120P30 for ginger and N90P45 for turmeric) 
and supplemental foliar application of TRIA (10"^°M) proved best for most of 
the growth, biochemical, quality and yield attributes under pot culture. Keeping 
these doses in view, field experiments can be undertaken for augmenting the 
productivity and quality of these plants. 
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Table 51. Correlation coefficient values (r) of various characteristics with 
rhizome carbohydrate content, rhizome protein content and rhizome 
yield per plant of ginger at 120 DAP (Experiment 1). 
Characteristics 
Plant height 
Number of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nifrogen content 
Rhizome phosphorus content 
Rhizome potassiimi content 
Rhizome carbohydrate content 
Rhizome protein content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome Rhizome 
carbohydrate protein 
content content 
-
-
-
-
-
-
-
-
-
0.995** 
0.954* 
0.939* 
0.996** 
0.918* 
0.993** 
0.964** 
1.000 
0.984** 
-
-
-
-
-
-
-
-
-
-
-
0.990** 
0.987** 
0.983** 
0.994** 
0.953* 
0.986** 
0.969** 
0.984** 
1.000 
-
-
Rhizome 
yield per 
plant 
0.983** 
0.986** 
0.844^^ 
0.981** 
0.976** 
0.968** 
0.977** 
0.952* 
0.982** 
0.980** 
0.998** 
0.996** 
0.980** 
0.982** 
0.965** 
0.942* 
0.963** 
0.993** 
0.914* 
0.990** 
Note: * Significant at 5% (0.878); ** Significant at 1% (0.959); NS = Non-significant 
DAP = Days after planting 
Table 52. Correlation coefficient values (r) of various characteristics with 
rhizome carbohydrate content, rhizome protein content and rhizome 
yield per plant of ginger at 180 DAP (Experiment 1). 
Characteristics 
Plant height 
Number of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nitrogen content 
Rhizome phosphorus content 
Rhizome potassium content 
Rhizome carbohydrate content 
Rhizome protein content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome Rhizome 
carbohydrate protein 
content content 
-
-
-
-
-
-
-
-
-
0.941* 
0.927* 
0.935* 
0.923* 
0.940* 
0.934* 
0.938* 
1.000 
0.948* 
-
-
-
-
-
-
-
-
-
-
-
0.990** 
0.988** 
0.982** 
0.989** 
0.994** 
0.998** 
0.982** 
0.948* 
1.000 
-
-
Rhizome 
yield per 
plant 
0.975** 
0.990** 
0.994** 
0.989** 
0.989** 
0.975** 
0.967** 
0.962** 
0.966** 
0.992** 
0.997** 
0.963** 
0.993** 
0.991** 
0.980** 
0.996** 
0.919* 
0.987** 
0.914* 
0.990** 
Note: * Significant at 5% (0.878); ** Significant at 1% (0.959) 
DAP= Days after planting 
Table 53. Correlation coefficient values (r) of various characteristics with rhizome 
carbohydrate content, rhizome protein content, curcumin content 
and rhizome yield per plant of turmeric at 120 DAP (Experiment 2). 
Characteristics 
Plant height 
Niunber of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nitrogen content 
Rhizome phosphorus content 
Rhizome potassium content 
Rhizome carbohydrate content 
Rhizome protein content 
Curcumin content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome 
carbohydrate 
content 
-
-
-
-
-
-
-
-
-
0.963** 
0.987** 
0.962** 
0.981** 
0.984** 
0.977** 
0.979** 
1.000 
0.986** 
0.980** 
-
-
Rhizome 
protein 
content 
-
-
-
-
-
-
-
-
-
0.994** 
0.999** 
0.983** 
0.999** 
0.999** 
0.998** 
0.998** 
0.986** 
1.000 
0.981** 
-
-
Curcumin 
content 
-
-
-
-
-
-
-
-
-
0.960** 
0.978** 
0.958* 
0.980** 
0.979** 
0.974** 
0.983** 
0.980** 
0.981** 
1.000 
-
-
Rhizome 
yield per 
plant 
0.985** 
0.995** 
0.996** 
0.980** 
0.988** 
0.992** 
0.982** 
0.985** 
0.983** 
0.984** 
0.995** 
0.965** 
0.991** 
0.995** 
0.989** 
0.997** 
0.985** 
0.994** 
0.993** 
0.991** 
0.997** 
Note: • Significant at 5% (0.878); ** Significant at 1% (0.959) 
DAP= Days after planting 
Table 54. Correlation coefficient values (r) of various characteristics with 
rhizome carbohydrate content, rhizome protein content, curcumin 
content and rhizome yield per plant of turmeric at 180 DAP 
(Experiment 2). 
Characteristics 
Plant height 
Number of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nitrogen content 
Rhizome phosphorus content 
Rhizome potassium content 
Rhizome carbohydrate content 
Rhizome protein content 
Curcumin content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome 
carbohydrate 
content 
-
-
-
-
-
-
-
-
-
0.985** 
0.998** 
0.982** 
0.966** 
0.976** 
0.982** 
0.987** 
1.000 
0.979** 
0.980** 
-
-
Rhizome 
protein 
content 
-
-
-
-
-
-
-
-
-
0.990** 
0.988** 
0.957* 
0.992** 
0.997** 
0.986** 
0.998** 
0.979** 
1.000 
0.981** 
-
-
Curcumin 
content 
-
-
-
-
-
-
-
-
-
0.972** 
0.986** 
0.980** 
0.975** 
0.971** 
0.978** 
0.980** 
0.980** 
0.985** 
1.000 
-
-
Rhizome 
yield per 
plant 
0.988** 
0.997** 
0.906* 
0.991** 
0.996** 
0.984** 
0.992** 
0.995** 
0.991** 
0.981** 
0.994** 
0.965** 
0.979** 
0.987** 
0.978** 
0.993** 
0.986** 
0.995** 
0.994** 
0.991** 
0.997** 
Note: * Significant at 5% (0.878); ** Significant at 1% (0.959) 
DAP= Days after planting 
Table 55. Correlation coefficient values (r) of various characteristics with 
rhizome carbohydrate content, rhizome protein content and rhizome 
yield per plant of ginger at 120 DAP (Experiment 3). 
Characteristics 
Plant height 
Number of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nitrogen content 
Rhizome phosphorus content 
Rhizome potassium content 
Rhizome carbohydrate content 
Rhizome protein content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome Rhizome 
carbohydrate protein 
content content 
-
-
-
-
-
-
-
-
-
0.992** 
0.978** 
0.993** 
0.977** 
0.981** 
0.997** 
0.969** 
1.000 
0.997** 
-
-
-
-
-
-
-
-
-
-
-
0.998** 
0.989** 
0.996** 
0.989** 
0.980** 
0.992** 
0.953* 
0.997** 
1.000 
-
-
Rhizome 
yield per 
plant 
0.991** 
0.988** 
0.864^^ 
0.990** 
0.975** 
0.970** 
0.982** 
0.962** 
0.991** 
0.998** 
0.993** 
0.998** 
0.992** 
0.981** 
0.991** 
0.947* 
0.996** 
0.999** 
0.989** 
0.994** 
Note: * Significant at 5% (0.878); •* Significant at 1% (0.959); NS = Non-significant 
DAP= Days after planting 
Table 56. Correlation coefficient values (r) of various characteristics with 
rhizome carbohydrate content, rhizome protein content and rhizome 
yield per plant of ginger at 180 DAP (Experiment 3). 
Characteristics 
Plant height 
Number of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nitrogen content 
Rhizome phosphorus content 
Rhizome potassium content 
Rhizome carbohydrate content 
Rhizome protein content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome Rhizome 
carbohydrate protein 
content content 
-
-
-
-
-
-
-
-
-
0.955* 
0.966** 
0.981** 
0.931* 
0.999** 
0.992** 
0.988** 
1.000 
0.999** 
-
-
-
-
-
-
-
-
-
-
-
0.946* 
0.967** 
0.980** 
0.936* 
0.998** 
0.996** 
0.993** 
0.999** 
1.000 
-
-
Rhizome 
yield per 
plant 
0.993** 
0.975** 
0.862^^ 
0.998** 
0.981** 
0.981** 
0.974** 
0.983** 
0.959** 
0.910* 
0.987** 
0.991** 
0.967** 
0.992** 
0.996** 
0.993** 
0.992** 
0.994** 
0.989** 
0.994** 
Note: * Significant at 5% (0.878); ** Significant at 1% (0.959); NS = Non-significant 
DAP= Days after planting 
Table 57. Correlation coefficient values (r) of various characteristics with 
rhizome carbohydrate content, rhizome protein content, curcumin 
content and rhizome yield per plant of turmeric at 120 DAP 
(Experiment 4). 
Characteristics 
Plant height 
Number of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nitrogen content 
Rhizome phosphorus content 
Rhizome potassium content 
Rhizome carbohydrate content 
Rhizome protein content 
Curcumin content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome 
carbohydrate 
content 
-
-
-
-
-
-
-
-
-
0.989** 
0.977** 
0.989** 
0.997** 
0.992** 
0.980** 
0.994** 
1.000 
0.993** 
0.989** 
-
-
Rhizome 
protein 
content 
-
-
-
-
-
-
-
-
-
0.995** 
0.994** 
0.979** 
0.991** 
0.999** 
0.996** 
0.975** 
0.993** 
1.000 
0.994** 
-
-
Curcumin 
content 
-
-
-
-
-
-
-
-
-
0.980** 
0.990** 
0.969** 
0.986** 
0.992** 
0.996** 
0.975** 
0.989** 
0.994** 
1.000 
-
-
Rhizome 
yield per 
plant 
0.981** 
0.992** 
0.893* 
0.989** 
0.996** 
0.995** 
0.995** 
0.999** 
0.846"^ ^ 
0.992** 
0.993** 
0.979** 
0.992** 
0.999** 
0.996** 
0.978** 
0.994** 
0.999** 
0.997** 
0.954* 
0,989** 
Note: * Significant at 5% (0.878); ** Significant at 1% (0.959); NS = Non-significant 
DAP= Days after planting 
Table 58. Correlation coefficient values (r) of various characteristics with 
rhizome carbohydrate content, rhizome protein content, curcumin 
content and rhizome yield per plant of turmeric at 180 DAP 
(Experiment 4). 
Characteristics 
Plant height 
Number of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nitrogen content 
Rhizome phosphorus content 
Rhizome potassium content 
Rhizome carbohydrate content 
Rhizome protein content 
Curcumin content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome 
carbohydrate 
content 
-
-
-
-
-
-
-
-
-
0.997** 
0.998** 
0.994** 
0.996** 
0.996** 
0.998** 
0.992** 
1.000 
0.992** 
0.984** 
-
-
Rhizome 
protein 
content 
-
-
-
-
-
-
-
-
-
0.988** 
0.996** 
0.995** 
0.990** 
0.999** 
0.998** 
0.975** 
0.992** 
1.000 
0.998** 
-
-
Curcumin 
content 
-
-
-
-
-
-
-
-
-
0.978** 
0.990** 
0.988** 
0.982** 
0.996** 
0.992** 
0.961** 
0.984** 
0.998** 
1.000 
-
-
Rhizome 
yield per 
plant 
0.979** 
0.992** 
0.725^^ 
0.998** 
0.994** 
0.993** 
0.994** 
0.997** 
0.995** 
0.986** 
0.997** 
0.991** 
0.992** 
0.999** 
0.997** 
0.974** 
0.993** 
0.999** 
0.998** 
0.954* 
0.989** 
Note: • Significant at 5% (0.878); ** Significant at 1% (0.959); NS = Non-significant 
DAP= Days after planting 
Table 59. Correlation coefficient values (r) of various characteristics with 
rhizome carbohydrate content, rhizome protein content and rhizome 
yield per plant of ginger at 120 DAP (Experiment 5). 
Characteristics 
Plant height 
Number of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nitrogen content 
Rhizome phosphorus content 
Rhizome potassium content 
Rhizome carbohydrate content 
Rhizome protein content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome Rhizome 
carbohydrate protein 
content content 
-
-
-
-
-
-
-
-
-
0.981** 
0.962** 
0.984** 
0.998** 
0.996** 
0.960** 
0.981** 
1.000 
0.994** 
-
-
-
-
-
-
-
-
-
-
-
0.975** 
0.975** 
0.982** 
0.993** 
0.987** 
0.984** 
0.971** 
0.994** 
1.000 
-
-
Rhizome 
yield per 
plant 
0.981** 
0.997** 
0.944* 
0.988** 
0.995** 
0.997** 
0.993** 
0.989** 
0.990** 
0.978** 
0.987** 
0.986** 
0.986** 
0.978** 
0.993** 
0.971** 
0.983** 
0.996** 
0.975** 
0.997** 
Note: • Significant at 5% (0.878); •* Significant at 1% (0.959) 
DAP= Days after planting 
Table 60. Correlation coefficient values (r) of various characteristics with 
rhizome carbohydrate content, rhizome protein content and rhizome 
yield per plant of ginger at 180 DAP (Experiment 5). 
Characteristics 
Plant height 
Number of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nitrogen content 
Rhizome phosphorus content 
Rhizome potassium content 
Rhizome carbohydrate content 
Rhizome protein content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome Rhizome 
carbohydrate protein 
content content 
-
-
-
-
-
-
-
-
-
0.960** 
0.967** 
0.987** 
0.943* 
0.983** 
0.968** 
0.998** 
1.000 
0.987** 
-
-
-
-
-
-
-
-
-
-
-
0.987** 
0.965** 
0.970** 
0.981** 
0.999** 
0.989** 
0.985** 
0.987** 
1.000 
-
-
Rhizome 
yield per 
plant 
0.981** 
0.960** 
0.996** 
0.992** 
0.989** 
0.991** 
0.997** 
0.992** 
0.990** 
0.992** 
0.991** 
0.984** 
0.976** 
0.988** 
0.989** 
0.987** 
0.983** 
0.991** 
0.975** 
0.997** 
Note: * Significant at 5% (0.878); ** Significant at 1% (0.959) 
DAP= Days after planting 
Table 61. Correlation coefficient values (r) of various characteristics with 
rhizome carbohydrate content, rhizome protein content, curcumin 
content and rhizome yield per plant of turmeric at 120 DAP 
(Experiment 6). 
Characteristics 
Plant height 
Number of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nitrogen content 
Rhizome phosphorus content 
Rhizome potassium content 
Rhizome carbohydrate content 
Rhizome protein content 
Curcumin content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome 
carbohydrate 
content 
-
-
-
-
-
-
-
-
-
0.994** 
0.969** 
0.996** 
0.956* 
0.985** 
0.998** 
0.978** 
1.000 
0.988** 
0.995** 
-
-
Rhizome 
protein 
content 
-
-
-
-
-
-
-
-
-
0.999** 
0.991** 
0.983** 
0.987** 
0.995** 
0.987** 
0.991** 
0.988** 
1.000 
0.978** 
-
-
Curcumin 
content 
-
-
-
-
-
-
-
-
-
0.984** 
0.950* 
0.987** 
0.939* 
0.971** 
0.988** 
0.969** 
0.995** 
0.978** 
1.000 
-
-
Rhizome 
yield per 
plant 
0.988** 
0.997** 
0.973** 
0.985** 
0.962** 
0.946* 
0.975** 
0.949* 
0.987** 
0.991** 
0.997** 
0.982** 
0.990** 
0.997** 
0.984** 
0.991** 
0.980** 
0.994** 
0.959** 
0.930* 
0.914* 
Note: * Significant at 5% (0.878); *• Significant at 1% (0.959) 
DAP= Days after planting 
Table 62. Correlation coefficient values (r) of various characteristics with 
rhizome carbohydrate content, rhizome protein content, curcumin 
content and rhizome yield per plant of turmeric at 180 DAP 
(Experiment 6). 
Characteristics 
Plant height 
Number of leaves per plant 
Number of tillers per plant 
Leaf length 
Leaf breadth 
Shoot fresh weight per plant 
Rhizome fresh weight per plant 
Shoot dry weight per plant 
Rhizome dry weight per plant 
Chlorophyll content 
Leaf nitrogen content 
Leaf phosphorus content 
Leaf potassium content 
Rhizome nitrogen content 
Rhizome phosphorus content 
Rhizome potassium content 
Rhizome carbohydrate content 
Rhizome protein content 
Curcumin content 
Primary fingers per plant 
Secondary fingers per plant 
Rhizome 
carbohydrate 
content 
-
-
-
-
-
-
-
-
-
0.983** 
0.928* 
0.999** 
0.964** 
0.951* 
0.981** 
0.946* 
1.000 
0.985** 
0.994** 
-
-
Rhizome 
protein 
content 
-
-
-
-
-
-
-
-
-
0.995** 
0.977** 
0.987** 
0.992** 
0.988** 
0.995** 
0.984** 
0.985** 
1.000 
0.996** 
-
-
Curcumin 
content 
-
-
-
-
-
-
-
-
-
0.996** 
0.961** 
0.994** 
0.986** 
0.977** 
0.996** 
0.975** 
0.994** 
0.996** 
1.000 
-
-
Rhizome 
yield per 
plant 
0.977** 
0.971** 
0.990** 
0.988** 
0.988** 
0.989** 
0.977** 
0.973** 
0.997** 
0.991** 
0.992** 
0.962** 
0.998** 
0.996** 
0.989** 
0.992** 
0.961** 
0.993** 
0.982** 
0.930* 
0.914* 
Note: * Significant at 5% (0.878); ** Significant at 1% (0.959) 
DAP= Days after planting 
Summary 
CHAPTER 6 
SUMMARY 
The present thesis comprises six chapters. In Chapter 1 (Introduction), 
the importance of the problem "Influence of triacontanol, nitrogen and 
phosphorus on the growth, yield and quality of ginger (Zingiber officinale 
Rose.) and turmeric (Curcuma longa L,)" has been discussed briefly. 
Justification and need for undertaking the present study have been put forward. 
Chapter 2 (Review of Literature) incorporates scientific literature 
pertaining to the general description of gmger and turmeric, a brief history of 
inorganic plant nutrition, physiological roles of NPK and TRIA in plants and 
review of the relevant available literature regarding individual effect of N, P 
and TRIA application on crops, particularly ginger and turmeric. 
Chapter 3 (Materials and Methods) deals with the details of the 
techniques and methodology employed for the six-pot experiments conducted 
during the present study. The relevant information on meteorological and 
edaphic data has been given in this chapter. 
Chapter 4 (Experimental Results) includes the results of the experiments 
conducted showing significance of the data at P < 0.05. The more salient points 
regarding the results obtained are given below. 
Experiment 1 (2004-2005) was conducted according to a simple randomized 
design to study the effect of basal application of N on the performance of 
ginger with regard to (i) growth characteristics (plant height, number of leaves 
per plant, number of tillers per plant, leaf length and breadth, shoot jfresh 
weight, rhizome fresh weight, shoot dry weight and rhizome dry weight), (ii) 
biochemical parameters (chlorophyll content, leaf NPK content, rhizome NPK 
content, rhizome carbohydrate content and rhizome protein content), (ii) yield 
attributes (primary fingers per plant, secondary fingers per plant and rhizome 
yield per plant). N was applied at the rate of 0, 40, 80, 120 and 160 kg N per 
ha, in the presence of a uniform recommended basal dose of P and K (P22K42). 
All the growth and biochemical parameters were studied at 120 and 180 DAP 
and yield attributes at harvest (240 DAP). Among N levels, N^o proved 
optimum for most of the growth, biochemical and yield parameters. 
Experiment 2 (2004-2005) was conducted according to a simple 
randomized design on turmeric to study the effect of basal N levels, viz. 0, 30, 
60, 90 and 120 kg N per ha in the presence of a uniform recommended basal 
dose of P and K (P13K50), on growth characteristics (plant height, number of 
leaves per plant, number of tillers per plant, leaf length and breadth, shoot fresh 
weight, rhizome fresh weight, shoot dry weight and rhizome dry weight), 
biochemical and quality parameters (chlorophyll content, leaf NPK content, 
rhizome NPK content, rhizome carbohydrate content, rhizome protein content 
and curcumin content) and yield attributes (primary fingers per plant, 
secondary fingers per plant and rhizome yield per plant). Growth, biochemical 
and quality parameters were studied at 120 and 180 DAP and yield attributes at 
harvest (240 DAP). Among N levels, N90 proved optimum for most of the 
parameters studied. 
Experiment 3 (2005-2006) was conducted according to a simple 
randomized design. The aim of this experiment was to find out the best dose of 
basal P among five P levels, viz. 0, 10, 20, 30 and 40 kg P per ha for ginger in 
the presence of a uniform basal dose of N emanated from the data of 
Experiment 1 and the recommended basal dose of K (N120K42), for achieving 
the maximal potential of the crop in terms of the same parameters recorded as 
in Experiment 1. Application of P enhanced the values for most the growth, 
biochemical and yield characteristics studied in this experiment. Of P levels, 
P30 proved best for most of the parameters studied. 
Experiment 4 (2005-2006) was conducted on turmeric according to a 
simple randomized design to investigate the effect of five levels of basal P, viz. 
0, 15, 30, 45 and 60 kg P per ha in the presence of a uniform basal dose of N 
substantiated from the data of Experiment 2 and the recommended basal dose 
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of K (N90K50), on the same parameters studied in Experiment 2. The 
application of P enhanced most of the growth, biochemical, quality and yield 
attributes studied at all stages, with P45 proving optimum. 
Experiment 5 (2006-2007) was performed according to a simple 
randomized design on ginger to study the effect of five levels of foliar spray of 
TRIA, viz. 0, 10"^ °, 10"^^ 10"^ ° and 10"^ ^ M in the presence of a uniform basal 
dose of N and P selected from the data of Experiments 1 and 3 respectively and 
the recommended basal dose of K (N120P30K42), on the same parameters 
recorded in Experiment 1, Out of the five levels of TRIA, spray of 10'^ *' M 
proved best for most of the growth, biochemical and yield characteristics. 
Experiment 6 (2006-2007) was conducted according to a simple 
randomized design on turmeric to study the effect of five levels of foliar spray 
of TRIA, viz. 0, lO-''", 10•^^ lO-^ ** and 10"^ ^ M in the presence of a uniform 
basal dose of N and P obtained from the data of Experiments 2 and 4 
respectively and the recommended basal dose of K (N90P45K50), on the same 
parameters studied in Experiment 2. Out of the five levels, tried TRIA 10"^ ° M 
proved best for most of the characteristics studied. 
In Chapter 5 (Discussion), the important results of the present study 
have been discussed in the light of earlier findings published by other workers. 
The present Chapter 6 (Summary) is the resume of the present thesis. It 
is followed by a list of up-to-date references cited in the text. An appendix 
containing the various formulations employed for chemical analysis, has been 
given at the end of the thesis. 
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APPENDIX 
PREPARATION OF REAGENTS 
The reagents for various biochemical determinations were prepared 
accordmg to the following methods: 
1. Reagents for NPK estimation 
(i) Nessler's reagent 
3.5 g of potassium iodide dissolved in 100 mL DDW in which 4% 
mercuric chloride solution was added with stirring until a slight red 
precipitate remains. Thereafter, 120 g of sodium hydroxide with 250 mL 
DDW was added. The volume was made upto 1000 mL with DDW. The 
mixture was filtered twice and kept in an amber coloured bottle. 
(ii) Molybdic acid reagent (2.5%) 
6.25 g of ammonium molybdate dissolved in 75 mL of 10 N sulphuric 
acid. To this solution, 175 mL DDW was added and the total volume was 
maintained upto 250 mL. 
(iii) l-amino-2-naphthoI-4-suIphonic acid 
0.5g l-amino-2-naphthol-4-sulphonic acid was dissolved m 195 mL of 
15% sodium bisulphide solution to which 5 mL of 20% sodium sulphate 
solution was added. The solution was kept in amber coloured bottle. 
(iv) Sodium hydroxide solution (2.5N) 
100 g NaOH dissolved in sufficient DDW and final volume was 
maintained up to 1000 mL with DDW. 
(v) Sodium silicate solution (10%) 
10 g sodium silicate dissolved in sufficient DDW and final volume 
was maintained up to 100 mL with DDW. 
2. Reagent for carbohydrate estimation 
(i) 5% distilled phenol 
5 ml distilled phenol was dissolved in 95 mL DDW. 
3. Reagents for protein estimation 
(a) Reagent A 
0.5% copper sulphate solution and 1% sodium sulphate solution were 
mixed in equal volumes. 
(b) ReagentB 
50 mL of 2% sodium carbonate solution was mixed with 1 mL of 
reagent A. 
(i) Folin-phenol reagent 
100 g of sodium tungstate and 25 g of sodium molybdate were 
dissolved in 700 mL of DDW, to which 50 mL of 85% phosphoric acid 
and 100 mL of concentrated hydrochloric acid were added. The solution 
was refluxed on a heating mantle for 10 h. At the end, 150 g of lithium 
sulphate, 50 mL of DDW and 3-4 drops of liquid bromine were added. 
The reflux was removed and the solution was boiled for 15 minutes to 
remove excess bromine, cooled and diluted to 1000 mL. The strength of 
this acidic solution was adjusted to IN by titrating it with IN-sodium 
hydroxide solution. 
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